Express Mail No.: EE327m821US 

Date of Deposit; 12/16/98 PATENT 

Attorney Docket No: 18427-001 
, TSRI Case No. 660.0 

Vv^- .^A, MODEI. f\) P inRNTIFYING A rOMMON STEM/PROGENITOR 
TO I TvA r CFl I S AND PAN CREATIC CELLS 

\ TECHNICAL FIELD 

/\ ^ \ This mvention relates to generally to models for identifymg and isolatmg pancreatic stem 

) cells, and m one embodiment, to models for identifying and isolating a common stem/progenitor 
cell that gives rise to hepatic cells and pancreatic cells. 

RAry c.ROIIND OF THE INV ENTION 

A healthy adult pancreas is usually a developmentally stable organ, but a targeted cell 
s loss or aberrant cell growth and development have pathological consequences. For example, m 
human Insulin Dependent Diabetes Mellitus (IDDM), autoimmune mechanisms cause the 
selective and permanent destruction of the insuhn-producmg beta cells in the islets of 
Langerhans. The lost cells are not restored m vivo, although Sarvetnick et al. Cell 52m2-l%2 
(1988) have shown that beta cells have the potential to regenerate. On the other hand, the 
20 proliferation of duct cells can contnbute to pancreatic disease pathologies, such as chrome 
pancreatitis, pancreatic cancer, and cystic fibrosis. Pancreatic duct cell proliferation and 
differentiation have also been shown by Amush et al, Lab Invest 74: 985-990 (1995) to play a 
critical role in a transgemc mouse model of islet regeneration. Further, endocnne cell 
differentiation is frequently seen in pancreatic duct cell carcinomas, suggesting that duct cell 
25 proliferation can lead to islet neogenesis. 

Growth factors are cntical for modulating cellular proliferation and differentiation. The 
growth factors that regulate and promote pancreatic growth are not well charactenzed, but 
keratinocyte growth factor (KGF), a member of the fibroblast growth factor family, is known to 
be involved in wound healing and in the differentiation of many epithelial tissues. KGF 
.0 upregulates epithelial cell proliferation and pancreatic duct celt proliferation in rats. Also, 

epidermal growth factor ( EGF) and transforming growth factor beta- 1 ( 1 GFp- i ) can mducc 
ductal and endocnne cell development, respectively. HGF, which is known to stimulate epithelial 
cell and fibroblast proliferation, also has mitogenic properties for pancreatic growth. The 
overexpress.on of EGF and EGF receptor (EGF-R) is linked both to chrome pancreatitis and to 
35 malignant pancreatic growth. 



Yi et ai {Am J Pathol 145: 80-85. 1994) have shown that systemic administration of 
KGF to rats induces pancreatic duct cell proliferation. KGF stimulated the proliferation of 
pancreatic ductal epithelial cells in rats after daily systemic injection for 1 -2 weeks. Duct cell 
proliferation was predominantly adjacent to or wi.hm the islets of Langerhans and occurred ,n 
the absence of physical injury to the pancreas. However, knockom mice lacking KGF do no, 
display signifcam devclopmemal abnormalities, and pancreatic and liver developmem appear 
entirely normal (Guo et aL. EMBO J \1: 973-986, 1993). 

Clearly KGF can in some way influence pancreatic growth, and further studies designed 
to investigate its role in this process would be of considerable value. It is therefore important ,0 
expand our knowledge of these growth factors by providing animal models allowing the study of 
liver and pancreatic growth and developmem. and .issocialed disease states. 

SllMMARV THF. INV ENTION 

The invention provides ammal model systems for identifying pancreatic stem/progenitor 
cells, and ,n one embodiment, a common stem/progenitor cell which gives rise to liver cells 
(hepatocvtes) and pancreatic cells. The animal model ee.opically expresses KGF from a 
pancreatic specifie promoter, for example, the insulin promoter Uns-KGF). Transgenic animals 
that express KGF in pancreatic islets of Langerhans have enlarged islets, with substantial 
proliferation of duct cells within the islet mass. The animals also have albumin and alpha- 
fetoprotein-producing hepatocytes in the islets. The transgemc animals show no pathology, 
hyperglycemia, or hypoglycemia associated with the KGF expression. 

The invention further provides transgenic EGF and EGF x KGF animals, in both of 
which the ectopic expression of the growth factors is under the control of a pancreatic specific 
promoter. Animals with beta cell-targeted expression of EGF show signifieam morphological 
changes including cellular proliferation and disorganized islet of Langerhans growth. EGF. 
KGF transgenic animals expenence more profound changes in pancreatic morphology than do 
single transgemc animals. Double transgenic animals also show proliferation of pancreatic cells 
,,nd extensive m.ra-islc. fibrosis, which increases in seventy with time The animals of the 
invemion are useful for the study of the effects of EGF and KGF on pancreatic growth and 
development, and for the study of pathologies associated w„h aberrant overexpression of EGF or 
KGF. 



The ,nven.,on prov.des several d,s„„c. ceU types, mCuding pancreat.c hepa.ocyes 
aenved .o.a_»e„.ono..e. ecus and pancreaUcce,.. The —^^^^ 
p„.des.„cduc,ce.,s,a„d„.ca™.ase,.od.,„.cens.T.e,^^^^^^^^^^^ 
p„v,de. — of™aUn.andproUfe..,„g*e.a„s,en,cceUsand™e.odsofus.g*e 

transgenic cells. 

The ,nven.,on prov.des for .he prol.ferat.on and d,fferem.a..on of eon,nron 
s,e.Wprogen,.orce„s,,.v,v„.Aconr™ns.enVproge„i.or.o,,vercensa„dpanc^^^^^^^ 
Laid ,„v,v„w,,hadeve,opnre„.a,,yeffec,,vea.ou„.ofagrow.hfae.or. The gro^ 
res.he.rowrhfae.or.respo„s,vecensfod,ffere„.,a.e.When.he,e„e..c™odif,ca..„,sror 
.hlod„e..:nofah,o,o.ca„.ac,,vesuhs.ance..hesuhs,ancew,„.e„eran.heo„e.h^^^ 

„ . . .^^^.a-^r Th-mvention thus provides metnoasiornidu^.ng 
uc;eful for the treatment ot a given ui^ord.r. in. m.eK- 

ne centres, ,nc.d,„,hepa.oc.es,d.c.eeUs, and a..ase,roduc.n.cens 
aspec.of.hese.erhods of.he,nve„..o„is,heunder,y,ngsc.en„f,c,„for™a„o„regard.B.he 
i:op.en.of.hespec,r.cce„s,„.hepa„creas.™s„sef.Uc,e„.>r,e,nfo™a..onres„Usfro™ 

the genera..on of .he animal models of .he invent.on. 

The ,nven„on prov.des a me.hod for .he .ransfeC.on of a common s.em/progen.for .o 
Uvercells and pa„crea.,e cells w,.hvec.ors.h.chcan express .hegene products for growth 

fictors or erowth factor receptors. 

The .nvennon prov.des a pancreact.c duet culture. The pancreatic duet culture ts useful 
for.hedevelopmentofas.emcel,assayfor,de„t.fy,ngacommonstem/progem.crce.Un 

"""l:ren..onprov.desame.hodforus.ngthehomeoho.prote.nPf,X^ 

identifytng a common stem/progenitor to l.ver cells and pancreatic cells. Ant.bod.es to PDX-, 
a .sedt!revea,cd the presenceofPDX-1 nuclear statmngtnasuhsetofductalcel^^ 
, thelumen,as«enas,nasuhsetofpenlumenalducta,cells.Nod.ffcrencesareohserv.^^^ 

morphology between thoscducta,cells.h.ch expressed PDX.l and those«h.chd.d„ot, but 

,nsul.n express,on. charactenst.c of the newly formed tslet structure, is present .n a 

. . ^fprtv 1 ^vr>rp<;<=inw ductal cells, 
subpopuiaiioii ut 1 UA . ^..pi— ^ 

DETAIIXMESCRIPTION 

. . r „ 11- ^ .v^nt-on prnvKlcs animals, where the expression of EOF. KGF. or 
Introduction I hu ln^ ^ni.uii [ i 
hoth EoT^i^s under the control of a pancreat.c specific promo.cr, e.g.. .he .nsul.n 



p„n,o,er. As such, .he ,nven„cn p^ovdes an an,™, .oac sys.e. fo. .denffyin, and ,so,a,,ng 
pan„eaUcs.en.progenUorcensandfoMdent,fy,nga„diso,a,,„gace«which,sa_ 

s,e„Vprogeni,or for nver cells (hepatocy.es, and pancreauc cells. 

A def,n,.,on of a^s.en, cell" is prov.ded by Pol.en & Loeffler, De..lop.en,. HO., 1 
0„0) who haveder.neds.en. cells as ■■.,nd,ffe.en.,a.edceUscapahleof(a,prohfera,,o.b)se.f- 

.a.n,enance, (c) .He p.oduC.on of a ,a..e nun.be. of d.ffcenna.ed — 
.egene.a..ng.he.,ssueafter„u.y.and(e,aflex.b,.,.y,n.heuseof.heseop.,ons. S.e. cells 

are used in a body .0 .eplace cells .ha. a.e los. by na.u.al cel. dea.h, .n,ury or d.sease. The 
p.esenceofs.en.cellslnapan.cula..ypeof..ssue usually co„ela.esw,,h..ssues.ha^^^^^^^ 

._e.ofccl,s.s.en.cellsa.ea,so,esen..n.,ss„es,....,l,v..T.v..^^^^^^^^^^^^^ 
,993, .ha. do no. have a h.gh .umover of cells. A ■■progcn..o. ce„ .s .ef.neo . - 

.he capab,my .0 d.v.de fo. seve.a, se„e.a..ons. bu. no. self .enew. P.ogen..o. cells also .yP.cally 
are defined .o be capable of differen..a.,ng .n.o a vane.y of diffe.en. cell .ypes. 

AS used here.n, a common s.em/progeni.or .o liver cells and pancrea.,c cells .s an 
und.fferen..a.edcel,.Ha.canbe.nduced.opro,,fe.a.eus.ns.heme.hodsof.hepresen..„^^^^^^^^ 

and .ha. can upon diffe.en.ia.,on, fom. pancrea.,c cells, .nclud.ng, e.g., pancrea..c due. cells, 
:ra:Hverce„s,.nc.ud,ng,e.g., hepa.ocy.es. such cells are .W.,po.en."because.heprogeny 

have mul.,ple d,fferen.ia.,o„ pathways. The an.mal models of .he inven.,on is useful for 
identifying bo.h common s.em cells and progeni.or cells. 

The detatls of one or more embod.mems of .he .nven.ion are se. forfh ,n the 
accompany,ngdescr,p.,onbe.ow.Al.houghanyme.hodsandma.ena,ss.m.,arore,u.valen..o 

.H„sedescnbedheremca„beusedin.heprac.iceor.est,ngofthepresent.nven.,on,.he 

p.eferredme.hods and matenals are now descnbed. Other features, objects, and advan.agesof 

Lmve„t.onvv,llbeappare..,from.hedescnp..ouandfrom.hec,a,ms.,n.hespec.cao„and 

. .heappendedc,a,ms,.hes,ngularfo™s,nc.udeplu.alreferen.sunless.hecontex.clearly 

a,c.aIso,her.,se.Uu,essder,„edo.he™,se.a,l.echn,ca, and scenfific terms used here,nhave 

the same meaning as commonly unders.ood by one of crd.nary sk.ll in .he art to wh.ch th.s 
mvcn.,on belongs A„ pa.en.s and publ,ca.,ons c.ed ,n .h,s spec.f.ca.ion are mcon^crated by 

,nve...,onp.ov,dcs,.ansgcn,cceusa„d,rans,e„,c:.nunals,n.vh,ch.hee.press,onofan G^^ 
eod.ng polvnucleo,.de. a KGF-cod,ng po,ynuc,eo.,de, or bo.h an EGF-cod,ng polynucleot.de 
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.nimal nreferably rodent, and most preferably mouse. 
„ .Ha. con.ains exogenous .e„e.,c n,a.ena, w,.M„ .os. of .He an..a. s^.. 

I n .He a« ,Ha. produce a ce,. o. a„,.a, ca^.n. an ,n..o<.nced ..ans.ene. .nOude 
:;H::H,s.en„,.,on,sa..».enec.a.e.H..Hep.ov,.„.ofanK.A.Ha.,s.— ,n.o 

DNA ana .hen incorpora.ed ,n.o .he genome. ^ ^^^^ 

THe .ransgenes of .he ,nven.,on mclude DNA po.ynuc,eondc» .n..a. ... . 
„pe.aH,vHn.ed.oan.n.uHnp— fo.e.p.ss.on,n,„snHn-p.odnc,ngcc«s,.^ 

:ofHepanc.eas)...Ope.aH,yH*^^^^ 
onen.Le configured so as .o perfoon .he. usual funCon. Thus, a p— operab.y 

Cle..sasec,uencesufr.c,en,.od..ec..„.,o„.An..peraH,yi,^^^^^ 
;::,eo.,deandp— a.econnee.ed,nsucha«ayas.ope™,.senee.^^^^^^^^^ 

■ .e molecules (c g transcnpt.ona. act.va.or pro.e.ns) are bound .o .He regula.o^ 

r;::::;::::,:^ 

nromoter-dependent gene expression mducible. 

" panl.c-spec,r,cp—sa.ep—.ha.prefe.en.,anvae,,n.He pancreas, 
express .Hecod,ngpo.>.uc,eo.,des.o which .Hey are operah.vHnKed.Among.hepancre..c 

p:,ersare.he,nsuUnpro™o.er,.Heg,ucagonpron,o,er,.heg,ucagonreeep.o^^^^^^^^^^ 
CLP. recep.or promcer. The ,nsunn pron.o.er is used ,n EXAMPLES , , 2, 3, and 4. 
G,ncagon,sa29am,noac,dHonnoneproduced,nHumanA-ce>,s„Hhepancreas^ 
OH.cagonproL.eg,ycogeno,ys,sandg,uconeogenes,s, winch causesan,ncrea.,n..^^^^^^^^^ 

Hiood sugar, by b.nd.ng .o spec.fic ceii-surface recep.ors found on .nsuhn producng ee, s « ch 
t^Le^lc:eve,of,nsu,in.onse. AS .He ,eve,„f,nsu.inr,ses,,nsu,in down reguia.es .he 

Z:::!; :iucagon, eompie,,ng .he feedback ioop, Cducagou ,s .ransia,cd iron, a 03,. 
: .ene .o fo™ .he precursor preprogiucagon. w«cH ,s .ubsc.ucn.iy pos. .ransianona y 

. , „ro..iuc-,..on P.o.iuca.on ,s s„bsc,.,e„.,v Ccaved in.o three d.scre.e h.ghiy 
;::::;::s:::,du:,pep.,d;scaHedgiucago„,g,ucagon..pro.e,n,,andgiucago.^^^ 



protein 2 GLP-1 and GLP-2 are 37 and 34 amino acds respectively and are found in the 
pancreas GLP-1 ,s perhaps the most potent insuHnotropie hormone to be charactenzed and ,s 
wtdely considered as a potential successful new agent for the treatment of type II diabetes, 
because its activtty is preserved in pa.tents »,th thts dtsease. Several studtes have evaluated the 
therapeuttc potential of GLP-1 in the control of dtabettc hyperglycemia in human patterns 
fo. c.a.„ple. Gutntak ai. N. Engl. J. Med. 326. 1 316-22 (1992)). 

A "transgenic animal" is an animal whose genome has been altered by human 
intervention. The "transgentc antmals" of the invemion are produced by introducing -transgenes" 
,n,o the germline of the ammal. A transgenic antmal can further be produced by cross-breedtng 
two chinrenc antmals which include exogenous gcnettc matenal with.n cells used ,n 
reproductton. 25% of the resulting offspnng w.ll be transgentc antmals whtch include the 
exogenous genettc matenal wtthtn all of thetr cells ,n both alleles; 50V. of the result.ng antmals 
will include the exogenous genettc matenal wtthin one allele; and 25% wtll include no 
exogenous genetic material. 

Embtyonal target cells at vanous developmemal stages can be used tn whtch to introduce 
transgenes. Different methods are used depending on the stage of development of the embryonal 
target cell. The zygote ,s the best target for mtcro-tnjeCton. The use of zygotes as a target for 
gene transfer has a major advantage tn that the injected DNA can be tncon^orated tnto the host 
gene before the first cleavage. Most or all the cells of the transgentc non-human antmal catry the 
incorporated transgene. Thts ,s also reflected in the efftciem transmtssion of the transgene to 
offspnng of the founder, as 50% of the gemt cells will harbor the transgene. 

Retroviral mfectton can also be used to introduce transgene into an animal. The 
developing embryo can be cultured vUro to the blastocyst stage, dunng which time the 
blastomeres can be targets for retro viral infection. Efficient infection of the blastomeres is 
obtained by enzymatic treatmem to remove the .ona pellucida. The viral vector system used to 
introduce the transgene is typically a replication-defective retrovims carrying the transgene. 
Transfection is easily and efficiently obtained by culturing the blastomeres on a monolayer of 
vinis-producma cells Infccon can alternatively be performed at a later stage. Vtnis or vinis- 
producino cells can be injected into the blastocoel. Most of the founders are mosaic for the 
. transgene". because mcon^oration occurs only in a subset of the cells whtch tomted the transgentc 
,„,„™l Rtnher. the founder can contain vanous retroviral insertions of the transgene a, different 
positions in the genome which generally will segregate ,n the offspring. It ,s also possible to 



introduce transgenes mto the germ line, albeU with low eff.ciency, by intra.tenne retroviral 

infection of the midgestation embryo. 

A third type of target cell for transgene introduction is the embryonal stem cell (ES). ES 
cells are obtained from pre-implantation embryos cultured ^n .rtro and fused with embryos. 
Transgenes can be efficiently introduced into the ES cells by DN A transfect.on or by retrovirus- 
mediated transduction. Transfonned ES cells can thereafter be combined with blastocysts from 
an ammal The ES cells thereafter colonize the embryo and contnbute to the germ line of the 
resulting chimenc ammal ifor a re.ne^, see Jaemsch, Science 240: 1988). 

Recombinant genetic techniques well known m the art can be used for practicing the 
methods of the .nventions, including measunng DNA content. Southern blottmg, Northern 
blottmg, PCR analysis, and uptake of radioactive or tluorescent nucleotides. As used m this 
patent, the term ''recombinant" always refers to a product of human intervention. Literature 
sources for molecular biological techniques include Berger & Kimmel (Gu.de to Molecular 
Comng Techmques, Methods in Enzymology, Vol. 152, Academic Press, Inc., San Diego, 
California); Sambrook et al. {Molecular Cloning - A Laboratory Marrual 2d Edition, Vol. I -3, 
Cold Spring Harbor Laboratory, Cold Spnng Harbor Press, New York, 1989); and Current 
Protocols m Molecular Brology (Ausubel ./., Eds., Current Protocols, 1994 Supplement). 
Useful information is also found m product information from manufacturers of biological regents 
and expenmental equipment, such as the SIGMA Chemical Company (St. Louis, Missoun), 
R&D Systems (Mimieapolis, Mimiesota), Pharmacia LKB Biotechnology (Piscataway, New 
Jersey), CLONTECH Laboratones, Inc. (Pal Alto, California), Chem Genes Corp., Aldrich 
Chemical Company(Milwaukee, Wisconsin), Fluka Chemica Biochemika Analytika (Fluka 
Chemie AG, Buchs, Switzerland), and Applied Biosystems (Foster City, Cahfomia). Methods 
for the polymerase chain reaction (PCR), the ligasc chain reaction (LCR), QP-replicase 
amplification and other RNA polymerase mediated techniques (..g., NASBA) are also MulUs et 
al. (U.S. Patent No. 4,683,202); PCR Protocols A Guide to Methods and Applications (Imiis et 
aL Eds.. Academic Press Inc., San Diego, California, 1990), Amheim et al, {C&EN, 36-47, 
October ! 1990); The Jnurnal Of NIH Research (3: 81-94, 1991); Kwoh et al. (Proc. Natl. Acad. 
^sJuSA 's6-lM3 1989); Guatelli et al. (Proc. Natl. Acad. Sci. USA, 87: 1874, 1990); Lomell 
et al (J Cl.n Chem, 35: 1826, 1989); Landegren at al. (Science 241: 1077-1080, 1988); Van 
Brunt (Biotcchnolosy 8: 2Q1-294, 1990,; Wu & Wallace -Gene 4: 560. 1989); Bamnger et al. 
(Gene 89: 117. 1990); and Sooknanan & Malek (Biotechnology 13: 563-564, 1995). 
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,ns-KCF anima. The invennon prov.des Iransgen.c an.ma.s and cells ,n w,„ch 
..ess*:;:;;:^.". .-^^ cont., of apanc.ea„c- 

cp_,.chasan.„s.,np™.o.e.The,„....a^^^^^ 
„-p™duc,n. cens . ..he .e.a cens) of *e isMs or L.,e*^^ 
Kelocve .o«.h fa.o. CKGP) ,s a ^esenchy^aU.-aenvea ..o.en . a. ac s as a 
potent n^Uogen spec.f.c for epHheUa, ceHs. >n v,vo, KGF can also ,nduce ™esenehyn,a 
::ila..onofcp,,hehaUe„p™,,fe.a.,onPu«he.KGPi.™po.a„nn*ewou„dheah„g 

nrocess and epithelial cell differentiation. 

" KGPsa — of.her,h.oh.s.,.w.hfac.orfa.,,,Me.he.of..sfa.n, 

,„,.e„cea,.n*crofp.ocesse..ncU.d,n.ce„p™hrc..,on.n.,..a.,on,a„dd^^^^^^^^^^^ 

, ■ f .2 5 kDa wi* a length of 194 ammo acids mferred from me cDNA sequ.,,... 
irro : ;i-n^p.emeon.ammg,«ammoac,d.^^^^^^^ 
p:::Hn.hegenomesofamma,saUeas.asd,ve.easch,mpan.ee,gonlla,g,hhon,A.^^ 

mon.e. macaque, m.ce. and ch.c.ens. KOP Is called also HBOP. (hepa— g 
. name is PGF-7 (fibroblast growth factor-7) The 

growth factor-7) and the recommended new name is f ur / t 

„p„en-denved growth faCor)^ The KOF receptor has 

pancreas ,s,oeatedm,heabdomen,beh,nd.hes.omach.,ns,dethe pancreas are smaclustesof 
: l,ed,s.e.sofLangerhans.W,thm.he,s.e.sarebetaee^^ 

trmone that regulates the amount ofsngar in .heblcod.,n the beta cells, ,nsul,ne„n 
:romejss,onofan,„su,m-codmgpol.nuc^^^^^^^ 



The poor ar, has shown that transgemc expression of KGP ,n the h.er dunng 
development results in substantial morphologtcal changes to the liver, .he pancreas, and other 
::::swellascha„gesmep,thehalgrowthmmuU,p.eorgans.s.ems,Ngu.en..,0..^^^^ 

■ _ : ,,6, -r,„. .n contrast ,„ the ,ns-KGF an.mal of the mvent.on. where 

!:„ir«pre..onofKGP,sd,rected to the pancreas and wheres,gmncam,no.ho,og,cal 

disturbances are not exhibited outside of the pancreas. 

Thc,,,..«;/-a„ima.sof,he,nvcntionareheaUh>.,w,.h„oobv,„us.o.icc,fcctsdu.o 

,.„crea,ic.GPe.pressio„.Por example, no sigmfican. differences is foundinlhebloodglucosc 



,eve,sof„.-XGr™ce compared .oage-™.chec>,i«e™a.eco„.ro,™ce,sae.ec.ea(... 
e;lMPLEn..ndeed,a»e,s„oev.ence.osu,sesuWa.*e„,sa„yc^^^^^ 

act,v,tywh,ch.ssign,f.cant or which causes pathology. 

Seve.a.n,.es„ngrea..escha.ac.„.e.he.,.-.GKan,n.a.of.he — 
.edeve.op.e„.orhepa,oc.es.n.he,s,e.sor.»ge.a„s.The,s,.sof.a„g^^^^^^^^^^ 
f , ha be,a dd.a and polypeptide cells located throughout the pancreas. The ,ns-KGF 

Jd alpha-re.oprote,n. Both the l,yer and pancreas aredenycd.o.aco—^^^^ 
,,„„ from the foregut. In this regard, ,s stgniftcant that these .ns^KGF hepatocytes 

;:r:"ro.e„:.^ 

e;e;.:nt;osecases.herchepatocy,=sare,s,deve.op,ng.Anthc.,,..0-.hepa.oc 

s alpha fetoprotcn, whereas only express albunrrn. Alpha-fetoprotetn .s expressed a, 
:rrtr-rsdeyelop.cn.tha„.salhu™,n,sothecellsexpress,.^ 
rimtn represent an earlterhepatocy^eprccursorthan do the douhlepos,t,vecclls.S.,,, 

p cy.elocL.tronwith,ntheis,e.st™ct.ctsa„anon,alyand™^^^^^^^ 

, ,„.,„l,ver cells and pancreat.c cells in the developing pancreas. 

— ::.esbyKO;,nthe....an,.a.o.he,.^^^^^^^^^ 
ected KGF has been shown to .nduce the prol.ferat.on of hepatocytes ,„ .,<ro and ,„ v,v„ 
Z 10 1 ,015 .993).Hepa.ocytesarealso,ndueed,n,hepancrcasoftransgen.cm.ce 

ereZs,°Bi™v.l*e.sle.sofLangerhans(Ar.ush...- 
Byclltto these rnode,s,ntos.ofthe hepatocytes ,nthe,.-.O.an.^^^ 

located within the pancreas at the outer edges of the islets, 

mother tntcresting features charactenst.c of the ..-KOf ant.al of the tnven.ton .s the 
, ,yperprohferat,onofductcells.n.hepa„creasof.ransgen,can,„als,l„thenon.alpar,creas, 

:::,a.edductsarepresentandex.cnd,nto.hcacinar.unren,^edue.sof*^^ 

-------- rr:::~^^ 

::::rrzr:;::..=.^.eco.u.narep,the,.u.,and,n.s.edby.^^^^ 

„„ L„age„ot.st,ssuc.Twont.orduc.saretheduc,sofSa„tonn.andWrrsu„g;theyhayctal. 

columnar epithelium with basal i.uclei. 
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,„ .he norma, (non.ransgen.c) pancreas, cells .ha. produce d.ges.,ve enzymes are clumped 
,„,o groups, called acm,, .ha. lead in.o duc.s .hrough wh.ch enz^mres are dehvered .0 .he 
duodenum. Cells w,.h,n ,he duc.s are due. cells. Cells w.hm an acmus, .he acmar cells. 
cons.„u.e .he ma.on.y of ,he pancreas. The ap.cal porlron of an acmar cell is filed w,.h 
ecs,noph,hc zymogen granules. The ac.nar cells secre.e d.rec.ly in.o acmar lumen .hrough .he 
ap,cal surface. Secre.ion of proenzymes by .he ac.nar cells ,s regula.ed by seere„n, 
cholecystokmin, and nerve s.imula.ion from the vagus. 

The proliferating due. cells are idenhfed as due. cells by expression of carbomc 
anhydrase U (CAIl). The proUferaOng due. cells are loca.ed w,.hm ,he ,s.e.s of Langerhans, 
„hich cKhibil normal produclion of all endocnne homrones. 

By conrras, ,o prev.ous work by Y. e. ai ,4. J Pa.,.ol 1 4y. 8«-«5. 1994), ,he pancreas o, 
,„e .ns-KGF an.ma, mode, of .he inveni.on eon.inually expresses KGF w,.hou. .he need for 
eon.mual or add.nonal .rea.men.. The due, cell prohfera.,on is an ongomg process dunng ,he hfe 
of .he u,s-KGF ammal of ,he mven.ion, wi.hou. pathological consequences. In.eres.mgly. the 
,„nue„ce of KGF on duct cell proliferat.on ,n .he n.^KGF an.mal of the mven.ion parallels 
„„ch ofwha. ,s obser..ed afier sys.em.c adm,n,s.ra.,on of KGF in ra.s. Indeed, i. is stnktng that 
the mtralobular duets adjaccn, to or with.n the .slets of Langerhans are .hose tha, prohfera.e. 

,„s-EGF aaimals The mven.ion prov.des .ransgemc antmals and cells in wh.ch .he 
expressi^i^^Tl^^^eted to .he pancreas. In one embodimem, express.on of EGF ,s .arge.ed 
.0 he.a cells m .he isle.s of Langerhans. Epidermal growlh factor (EGF) ,s a po.en. mt.ogen for a 
vanety of cells of endodermal, mesodermal and ectodermal ong.n. EGF also promotes .he 
growth and m.grat.on of kerat.nocytes and enhances the proliferation of fibroblasts and 
embryon,c cells. Thus, EGF plays an imponan. role ,n wound healing and organogenesis. 

EGF is a .lobular pro.ein of 6.4 kDa consts.mg of 53 ammo acids. I. con.a,ns three 
mtramolecular disulfide bonds essent.al for btologtcal act,v„y. EGF protems are evolut.onary^ 
closely conserved. Human EGF and munne EGF have 37 am.no acids in common. Munne EGF 
is purified from male mouse submaxillary glands as a 6.1 kDa protein. Human recomb.nan, EGF 

. . , ,„ r ..„/, „ a 6 kDa nroiein con.a.ning 53 amino acid residues. Human and 
munne EGF are speces cross-reac.ive. Approximately 70 ".homology ,s found between human 
, EGF and EGF isolated from other speces. The rcla.tve post.ions of the cysteme residues ,s 
consei'vcd. 



EGF is known to ,nduce due, cell development. While the ability of EOF to stimulate 
eptthehal cell and fibroblast prohferatton ,s well documented, EGF also has mttogemc propentes 
for pancreat,c growth. In add.t.on. evidence ex.sts lirictng the overexpress.on of EGF and tts 
receptor (EGF receptor. EGF-R) to both chronic panerea.ttis >md mahgnan, pancreattc growth. 
For example, the remarkable prohferattve and d,fferen.,at,on pattenrs of the ,„.-/FNy mouse, 
EGF and EGF-R were found to be upregnlated by Amush « La, ,..es. 74: 985-990 (1995). 
The EGF receptor ,s a .70 kDa monomenc glycopro.em with mtnns.c tyrostne k.nase acttv.ty. 
Stimulatton of the receptor ktnase ac.tvtty occurs when EGF btnds to the extracellular domatn of 
the receptor resnlttng ,n autophosphorylation of the receptor. e>.oplasm,c tail and transductton 
of the EGF proliferative signal. 

;,,.£CF antmals have dramatic .norpholog-ieal changes >n the pattcreata as compared 
„,th non-transgentc antmals. Pancreattc cell prohferation occurs in the .n.EGF antmals. The 
,„s-EGF antmals also exhibtt d.sorgantzed islets and intra-islet fibrosis. 

I„s-EGF V KGF animals The tnvention provides transgenic antmals m whtch the 
expression of KGF and EGF ,s targeted to the pancreas. In one embodimem, the expression of 
KGF and EGF ,s targeted to the beta cells m the islets of Langerhans. Both KGF and EGF play 
important roles ,n pancreatic development. Although a low basal level of EGF is nonnally 
expressed ,n the islets of non-transgenic mice. KGF is not nonnally found ,n the islets of 
Langerhans. Whtle the ...s-EGF. KGF animals are useful for addressing the cooperative effects 
that localized overproduction of EGF and KGF has on pancreadc growth and funC.on, the 
£GFand „.-A'GF transgeme mice are useful for assessing the inHuences independently. 

The ins-EGF v KGF ammals of the invention show that expression of EGF and KGF in 
isle, beta cells generates an accelerated and extensive senes of changes to both endocnne and 
exocrine tissues. For example, significam intra-isle, duct cell proliferation occurs in the panerea.a 
oU„s-KGF animals. Also, hepatocytes occur within the islets of,.s-EGF. KGF antmals. The 

EGF. KGF animals have disorganized islets and intra-islet fibrosis, both of which are more 
extensive ,n the ,...-FGF KGF ammals than in the .ns-EGF. /:GF animals. Many features 
shared bv bo.li .itglc transgenic animus such as pancreatic eel, proliferation, increased size and 
disorganization of islets, and fibrosis, occur to a greater extent in the double transgenic .animals. 
, mtcrestinglv. amylase-posilive cells in the double Iransgenic animals are no, found in either o, 
,„v,i- .ndicalir- 'ha, localized ovcrexprcssionofboih EGF and KGF in 
Ihe single transgenic animaU. .nuicalina mm i. 

be,a cells is required ,o produce this unique phenotype. 
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Despue ,he ex.enswe morphological changes ,„ .hepancrea.aof grow* factor Irarrsgen.c 
an,nrals, no def.cences in pancrea.,c funCon are de.ec.ed. Normal endocrine hormones and 
exocnne enzymes arepresenUn.hese.ransgen.c—. Blood glucose levelsremarnnornra, 
.hroughonuhehvesofhe animals. Thus ,hephys,cal changes apparen„n,hesean,malsdo no. 

interfere with normal pancreatic function. 

Interesttngly. some of the morpholog.es observed also charactenze several pancreattc 
dtseases. For example, the GK rat mode, of Non-lnsuhn-Dependent D.abetes Melhtus (NIDDM) 
,s characterized by d.sorgan.zed islets, s.gntficant fibros.s, and clusters of beta cells separated by 
strands of conneCve t.ssue (Movassa. « Di.,.,e Me.a, 21: 365-370. 1995), Chron.c 
„ancreat,t,s,scharac,enzedbymnammat,onandnbros,s.lnteresting,y,mchro„,cpancrea„t,s 

'and in some human pancreatic cancers. EOF, EGF-R, and KGF are often ovcrcxpressed. 

,^^^,^^,,,,,,^,,e^S^ The mventton prov.des methods for inducng specfic cell types. 
,nc,„dinghepatoc>.es, duct cells, and amy,ase-productngcells.Acommonstem/progen,.or to 
Uver cells and pancreahccellsts contacted ,„v,vow,thadeve,opme„ta,.yeffec.,veamountofa 

growth factor, wherem growth factor induces the growth factor -responsive cells to develop ,o 
hepatoc>.es.prol,f=rat,ng duct cells, or amylase producmg cells, among others. A 
..developmentallv eff=cnveamount,",nreferencelo.he growth factor-dependentdevelopmen of 

a cell type refers to an amount of growth factor sufficent to bong about the development of the 
cell type. A developmentally effecttve amoum can be de.erm.ned by those of skill in the art us.ng 
known cell culture techniques. 

The growth factors include any growth factor known ,n the art. Pharmaceuncal 
compostttons tnclude any substance that blocks the inh,h„ory tnfluence or sttmulates conamon 

s,en.'progen,.or cells to proliferate and ult.ma.ely differenfate. Thus, techniques to prohferate. 

d,fferent,a.e, and genetically modtfy common stem/progen,tor cells ,„ v,.o can be adapted to „. 

„v„ techntques. to achteve simtlar results. Such ,„ v.vo man,pulat,on and mod.ftcatton of these 

eells allows cells in an an.mal, that are lost due to .njury or d.sease, to be endogenously replaced. 

.bus „bv,a„„gthc need for transplanting forei.„ce„s,n,oapa,.en.,.ddit,onally.thece.lsof.he 

.nvention can be mod.fied or genet.cally engntecred ,„ v,vo so that they express vanous 
0 btological agents useful in the treatment of neurological disorders. 

Admuustranon of growth factors to a sab,cc, can be done by any method, tncludmg 
,„jec.,„n cannula, transfect.on of cells wUh growth homtonc-express.ng vectors ( such as 



,G,ce.,s, „.-XGFcens. and ,„.-ECF v KG. ceUs), .n^econ, ...ned-re.ease appara., wh.ch can 
a<innn,s.er sub.ances a. .he desired sUe, and .he H.e. Phan.aceu.ica, con.posi.ions can e 
l,nis.eredhyan,,ne.hod,.nc,ud.n„n3ec..o„ca„n.a.,n,ec,.on,ora,ad.,n,...a.,on....ed. 

:eappaJand.heh.e.Thecon..ons.e^p.o.en,,orcensp.o>i..a.ea„dd.rfe„^^^^^^^ 

a J Lucon w..h pan,cn,a. .ow.h .Co. or ph— a. co.pos,.,o„s wh.ch «... 
induce .he,r proHfera.,on and d,fferen„a.,o„. Therefore, .h,s ,a..ern,e.hod ci.cun.ven.s .he 
;oh.cn.sas:ocia.ed.,.h.ransp,a„.a.,onand,p.n.unereac.,ons.ofo.e,.ncens.An..o».h 

factor can be used, particularly EOF and KGF^ 

The normal fa.e of .he ,„ v,.o eel, popu,a.,on of co^non s.enVprogennor ce„s ce„ 
dea,h) can be ahered by adnr.n.s.enng Bcl-2 or gene.,ca„y n.od,fy,n, .he ce„s w,U. .he ^ 
,e„c Bc,-2 and re,a.ed gene produc.s are known .0 prevent progranrntcd cei, dear,, .apop.os.s 
a varicy of ee„ .ypes. S,m„ar ,o .he EOF adn.,n,s.ra.,on, a Cona, expans.on of co,n.on 
LnVprUo^s .o hver ce„s and pancrea.,c ce,.s can he ach.eved fo„ow,ng ,nfee.,on w,.h 

The ,nven.,on .bus provides an an,ma, ntode, sys.en. .o characen.e ,he „■ wvo 
„eehan,sn.s.ha.regu,a.ehepa.ocy.epro„fera..onandd,fferen.ia.edft.ne.,o„dur.ns„ver 
„.,on.,.,s,.own.,.a.l.ver,n,ury causes .he releaseof^uMe factors w,ucregula.e 

l,ar prohferat,ve act.vi.y. These factors are produced both by .he hver and by o.ber ..ssues 
.nd,„o.hers..ua.,ons,.be,r.rophieac.,ons are no. linu.ed to hver cells. However celular 

nrechants^s res.nc. subsequen. ce„u,ar pro,ifera.,o„ .o .he tn.ured hver, so .ha. ce„u,ar 
pro„fera..ondoes „o.,ncrease,no.her,n.ured organs. Eaehof.Hesed.ffere„..row.h-resula.ry 

facers ,nterac.w,thun.,uerecep.orson .he surfaceofhepatocy.es and tnggeraconrplex, ye. 

orderly cascade of events w.thtn the ce„ .bat, .ogether, cu,n,.na.e ,n a "re-progranrm.ng of.be 
hepa.o:y,.sgenee.press,onwb,ch,,n .urn. pern,,.s .he ce,,.o escape gro„.barres.^^^^^^^^^^^^^^ 
, ,l.,ga.,onofce,lularprohfera.,on,softenperfom.edw„h,so,a.edce„s,ns„npbedu,.urc 

sys.e,.s However, .his strategy tgnores other important influences (e.g., ce„-ce„ and ce„- 
ev,ronnrent.n,erac..ons,.hatregu,atece,,u,arproUferat.onandd,fferen.,a..on,nhv,ng— . 

,,,, H.„er s,ud,ed ,n ,uodc,s wh.ch leave organ areht.eCure .n.aC. ,n addtnon. .be ,a„er 
;jaCsareneccssa..on,en.,fy.esponsesofo.berhverconrpo„en.s.u,elud,ngbi,educ.ce,^ 

.„ ,„ood vesse,s, .be connccve ..ssue) whtch are a,so ,„vo,ved ,n recons.,.u„on of.be hver 
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introduction of exogenous DNA. DNA n, y yn modification" does 

« of eenes or other useful DNA sequences. The term gene 
genes, portions ot genes, oi activity, natural 

^^^^^ 

vectors integrate the aesireu v y introducing one 

J ^ r>N A into their chromosomes can be selectea oy d 
.„,e.ra.edthe — 

_ore™r.ers...a„ — 

„,css,on.ec.c^^~ 

"""Cco a fol-on Addttiona, elements nr^^ 

..me ce>, by co-,ransfo ^ ^^^^^ ^^^^^^^^ .^^ 



,den.,fica,ion of transplanted neura, ceUs can be aeh.eved. A .ransgen.c marking sys.en. prov.des 
a .ore s.able and efficen. method for ceU labeUng. In .h,s system, promoter elements can dtrect 
.he expresston of the £. coH p-galactos,dase reporter gene ,n transgentc mtce. In these systems. 
ccU-spec,f,c expresston of the reporter gene occurs ,n a developmentaUy-regulated mamrer. The 
Rosa26 transgentc mtce ,s one example of a transgentc marking system in whtch a,l cells 
ubi,uttous,y express p.galactostdase. Embryomc or adult Rosa 26 mtce are transgentc an.mals 
denved from C57/BL/6 mtce. whtch express the p-ga.actosidase gene ,n all cells, thus allowtng 
the transplanted cells to be eastly detected tn host tissue. 

Virus-like vectors are useful as vehtcles for the tmportation and expresston of 
.ecotnbtnant polvnuc.eo.tde constructs ,n cells. Virus-denved vectors can safely deltver 
exogenous nueletc acd to a recptent cell. Virus-dertved vectors that carry^ a heterologous ge„e 
(..ansgene, to explott the natural abtlt.y of a vtrus to deltver genomtc content to a target cell are 
useful for gene therapy to correct gene.tc dtsease or to deliver therapcutte molecules and 
generally will contatn vtral. for example retrovtral long terrtrinal repeat (LTR), simtan vtnrs 0 
(SV40) cytomegalov,tx.s (CMV); or Itver (such as the albumtn promoter; ... Connelly «L 
«„.G.,.r,,...«.lB5-<,3..995)andM,los&Zaret,G...D.v..f«;:99l-.004,1992„or 

pancreatic eelLspecific promoters (such as msuhn promoters). 

To produce recombtnant v.ral vectors for mammal.an cells, several vtruses have been 
developed. These tnclude recombtnant vaectnta vtrus vectors and vectors derived from vanous 
smaller v.ruses. Interest has centered on four types; retroviruses (ineludmg lentivtruses). 
adenovtruses. adeno-assoeta.ed vtruses and herpes simplex vtrus type I (s... Davtd Peel. V.ru. 
Vecors & Gene Therapy: Problems. Promises 4 Prospects (MBChB Specal Study Module 
Project Report, Departntent of Mterobiology & Imt^unology, Universtty of Le,cester.l998,). 

Generally such vectors do no. replicate ,« v,vo. precludtng any umntended infeCon of 
non-target cells. In such eases, helper cell hues are provtded whtch supply the mtsstng rephcattve 
functions ,„ v„™, thereby permttttng ampltfteatton and packagmg of the vector encodtng the 
polvnucleottde. A funher precautton agatns, aectdental tnfeCton of non-.arget cells involves the 
usc'uft^rHCt cell spect.ic regulatory sequences. U-hcn under the control of such sequences, 
polvnuclc-ottde const^cts would not he expressed tn nonrral trssues (s.c. ( ..S. Paten, 5.824.544. 
, .ssued October 20. 1998 to Amren.ano e, which provtdes adcnov.nts vectors for use ,n gene 
.herapy that ptcvcnt the genera.ton of rephcat.on-compctcn, adenov,n,s dunng ,„ v,,,. 
propagation and clinical use). 



Ke_es a. a c,a.s of enveloped v,™ses c„n.a.n,n, a s.,e s^anded KN A n,o,ec. 
as.He.eno.eRe.ov.aWec,o.a.e«Wfo.o.,e„etHe«py,becauseon^^^^^ 

ea..n.o.Hecenu..se„o.eUon,,C.^^^^ 
° ,3 222 2.5 ,1995)).Re,r„v,ra. vectors can be based upon the Moloney munne 

M::t;M:M.v.anan,p— cv,™s. 

:,s and bo.a„cens.Tb,scapab,.,.y enables vec.o.deve,op.en.,nbo.bn,ouse™ode.sand 

:!lceUs.O™senabbn.b.n,an._..Xbev..a.senes a. .Placed wUb.be„ 

,n.erest and expressed on plasmids,n,hepackag,ngcc,U,ne^ 

Adenovruses are non-enveloped viruses conta.n.ng a bnear double stranded DNA 
„.„o„,=.wb.c,,,,asbccnwen-cbarac,en.edtbrougbstud,es,nc,ass,cal.enet,.a„d™^ 

;io,o«y (Hor^vitz. ,„ 2nd ed., F.elds eds. (Raven Press, Ne» r orK, , -W . ,. 

SripCserotypes2or3areusua„y used as vectors. TbeUrecycledoesno.no™aly.nvo,vc 

" rati .ntotbebost genome, ra.beradenov.rusesrepncateasep,sonra,e,e^^^^^^^^^ 
Jeusof.bebostcen.Adenov,.s-basedvectorsoffersevera,un,,ueadvantage tclud^ 
rop,s.forbo.b d,v,d,ng and „on..v,d.„g cells, n,,n™a,pa.Ho,e„,cpo.e„t,a,ab„.tyto 
Iplcate to b,sb,..er for preparattonofvector stocks, and tbepotenttal to carry^^^^^^^^^^ 

r I 66 (1992)- Jolly, Cancer Gene Therapy 7 . 5 1 -64 

(nerknev Curr Top. Micro. Immunol. 158. 39-bb{lJJ^), J y, 

TAdenovnafvectors are very e.,c.n.attrans.^^^^^ 
l„cedatb,.b,,ters.«nee.press.on.„r,.lro.ear,y-deve,opedvec^^^^^^^^^^^^^^ 

rans,ent The development of vectors containtng fewer genes, culnrrnat.ng .n the gutless 
lelwhtcbcontatn no v,ralcod.s sequences, has resulted tnprolonged..^^^ 

express,on,nHvertissue(Sch,eder.,./../..<»^.G— '^■l«0->«^<"''««^ 

ahelpcrvtrusto proliferate. AAVarecapab,eof,nfect,ngbothdlvid,ng and nondtvtdtng cells. 
. .„aintheabsenceofahelperv,rusin.egrate,ntoaspec,ficpo,ntof.behostgeno,r,c 

ronrosomel,, H-.ter) at a h.gh ,re,uency. Keconrb.nant AAV can also efficently tntegrate 
r.Lostgenonre.cantransducenon-d,v,d.ngcells, and doesnottnduceantnrnrune response 

,„ ,..,„-l the trans.cc.cd ce„s. In.crc. in AAV vectors has been due .0 AAV ,n.egra.,on 
,„.o the hos. genome a„ovv,ng prolonged .ransgene express.on. Oene .ransfer u,to hcpat.c cells 
. has been reposed by Snyder e, Na.ur. Ge„.Ucs ,6: 270-275 ,1997). 
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When a retroviral construe, ,s to be used ,0 ge„et,ea„y tnodif, eonrnron s.enVprogent.or 
eeUs..eseee..seanbepro„fera.ed,forexan,p>e.usin.anos™o.,ci„fcs.onpu.p.ode„ver 

,ro„tKfaetors.othepanereassevera.dayspr,orto,nfeet,o„wi.h.here.rov,ru. 

The genettc ntodtficatton of conrnron stem/progenttor ceUs ean be performed by 
..,.fect,o„u.ng,r,ethodskno.n,n.bear,inc,ud,ngCaPO..ransfeetion,DEAE.dex.ran 

rlton b. pro.op.ast fus.on, e,ec.roporatton, Hpofeet.on, and tbe ,.e. Wttb d.rect DNA 
:::Ln, clean bemodtnedbypartte^^ 

""rarpo.nuc,eo.,deconstrue.sarea.ousef. 

.pre..,, of po.pep.,de of .uteres, ,n ceHs. po,ynuc,eo„de cons,n,cts can be dtrect. ..eeted 
;,„.,.„e^Metbodsofd,ree,,n3ec,,onofpo,>— des,uto..ssuearedescnbe^^ 

, J)Tbepo,ynuc,eot,decons.™c.sca„beehenncaUyencapsu,atedfortransfec.o„,as 

escr, ed b Wu . J B.o, 2..,., „,S,). Wu . showed that a fo.,^ 

ednJbyna,ura,_hanregu,a,orye,en,eu,scanbe,arge.edtohepatoc.es^^^^^^^^^^^ 
esu.,ant gene e.press,o„n,ade to pers,s,.Aso,ub,eDNA earner syste. was construcedoftwo 

r:., ..n.edcon,ponen,s:U)apo.yeatto„,po,y-.-.s,ne,thatcanb^ 
„on-dan,ag,ngin,eract,ou,and(2,anasia.og.ycoprote,„wh,chcanbe,arge,edspcc,f,cay.o 

elc^sbyceU surface as,a,o,ycopro.e,nrecep.orsun.,ue to th,seen,>.e.Wu..^^^ 
pl.dcon.aUn,ousea,bu™,nreg.a.oryse,uences(™a.,„gtb.ssysten,attract,ve.^^^^^ 
wHhthenrethodsofthe— ,a„deon,p,exedtothecarnersysten,for,ntrave„ous,.e.^^^ 

By.h,ssysten,,thepo.ynuc,eo.,deconstrue,scanbedeH.eredtohepatocytesy.„_ 
i„Un."v,,.,us,ngaso,ub,eDNAcarner system. Gene express,on targeted ,nth,sn,anner 

eanbemadetopers,s,bysnn,ula„onofhepatocy.erep.icat,on. 

The po>ynuc.eot,de eonstntcts can also be tntrodueed into cells by the n,e,hod of K neda 
„ S.e„ce 2,sm9>: 375-8 (.989) By this ntethod, polynue.eot.de eonstntcts and nuclear 

areeff,c,entlytransfened,ntocells.Thepo.ynncleot,decons,n,cts,srap,d,ytr.^^^^^^ 
' , .-„,,„,,d...u. Moreover, when the poh™,cleo„de eonstntcts and nuclear 

;::::r:;tr:r:n::.on:d..d,ngeellsn,ratl..erby,n.e.,on,.^ 
;,olynucleo.,de constructs ,s earned tnto hver eel, nuele, eff.ce.ly by nuclear protetn lor 
expression in the rat iiver. 



,1 Addi„cn of ,ip.ds «,.h a .nan.ennary ga.aCosy, res.due drives .he neu.ra, 

J .n. .a,ae.oUp,d. XHese e,ee.caU>. sue. ^ 

. ,vhe- thp external sacchandc coat allows u>. t^..... 

attractive solution for gene transier ui v,.. whe.. .n. - - 
. ^;ffn.e within the organism and reach target cells. 

microinjection of DNA into s g These techniques and others are 

„e.a.ea.a.fe.o..e„e™sfe.„e..^o„.c.™^^^^^^^^^ 

u K .,bnratorvEd 1986). Use of these transgemc ammals has certain advan g 

, oanereaho ceUs denved from transgenic aninta.s w,» exh.btt stable gene express.on. 

e^r^^^^^ 

re„tcgldi„to,.s genome an, use., gene thatisexpressed by Hvet or pancteattcces. 

I ,ong-tenn. htgh-.e.d ptoduct.on orpo.ypepttde or.nte.st, stab, exp.sston , 
, p.ejd.Jet,hant.s,nge„nvec.otswh,che„nta.nv,taUnginso.e.^^^^^^^^^^^ 

u f rmed With the cDNA controlled by appropnate expression control elements 

;:r::::r:::;::enc^^^ 

* ' . . . ,,,,, .„ ,„„ ..™.bn,an. Plasnnd confers res.stance to the select.on and allows 

:::: ::: ti:;.as™d .,0 .he. and gro„ to fo™ foc, »h,ch . 

DNA, engineered ccllb mav be .ikavlu ^, 
switched to a selective media. 
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t „.ethotrexate-epr, which confers resistance to mycophenohc acid, « 
, K inhibitor 2-(dinuoromethyl)-DL-omithine, DFMO. 

decarboxylase inhibitor, ^ v „,,A inu the vector copv nvnnber 

DHFR amplificauon e.g.. Kaufman p , „, No 5 122 464) Express.on 

These veetors can express both a P Y ^ ^ ^^^^^^^^^^ 

„s,s.ance.ose.ec„cnw„h.cx.s„cKa04 orHyS^y^^ 

Bphospho,ra„sferase(HBH,geec 

:;— 

^ are^oit;::::;:^^^^ 

.e.e,n;Hnn,anson(.,.,™<r..-..«^^ 

,„ P™ced.esorKe.Co„.e.-,rO„,.,«....^-^^0^^^ j^^^^^^ 
and placed m a collagen gel. C> s.s snuc.urc, lon„ .„.,.... 
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— ::==;:rz— 

cTl,c.Co S.Lou,sMO.,AMnc.Che™ca.Co..,nc.;M„wau.ee,W,;a„dG*coBRLUfe 

mMEM^ Fischer's Med.um, Glasgow Minimal Essential Med.um, Ham s F 10 
~7 ; „HighDensUymedmm.lsc^^^ 

"riiMer:^^^^ 

J reagle, Mm.m.m Hssen..a, Mea.nm, Earle.s Mm,mum Bs.m,a^M 

MrTC 135 RPMl-1640 Medium, William's Medmm E, 

^"""Trr:rmi"wyi.^ 

71 CRCPress Baoca, Ra.on. Lou.siana, ,9,3) and m Freshne, ,C,-*. » -a, CeU^ 

;:::is_a.lyava..al,le.om several sources, ,nel„dm.HUU,l.a„dCompany 

:a::r::r:=^ 

„es,„ >u .... ...ou.,h ^^^^ ^^^^ ^^^^^^ .^^^ ^^,^„^.^ 

„c..r„lnpss \s an approximate rule, the loss olo\cr-^ 

,„ .isnta, econ^^^^^^^ 

e.;.con,c,„or.ltecenpopn,a,io„. ,aprcre.eddc.eeor.ro«tH,sa„ 



approx,ma.ely three-fold or more mcrease ,n DNA con.en,. Expressed as a range, a preferred 
degree of growth >s an .ncrease ,„ DNA con.en. from abou. .hree-foM ,o abou. ,welve-fo,d. 

Pancrea.,c due, cul.ure can also he perfomred us.ng .heme.hod of U.S. Pa.en. 5,681,587. 
issued OC 28 997, .o Halbers.ad. e, al This me.hod .ncreases .he number of adult pa„crea.,c 
isle, cells, by comaCng .he cells w,.h lammin 5 exlracellular ma.nx. When isle, cells are 
con.ac.ed wi.h .he depos,.ed ma.nx confain.ng lam.nin 5, an .ncrease ,n cel. number ,s obser..ed. 
The expanded ,sle. cells con.a.n insulin and respond .o glucose challenge. 

^^^^^,,^S^«iVm=il ^«'^-' pr.8en..or »ilsin the refenera.inf pancrea sof 
,He .FNvJraBSS^™. -Cher aspect, .he invention prov.des a method for the use of the 
ho„,cohox protetn PDX., as a marker for pancreatic stem/progen„or cells, ineludtng a common 
s.envpro.en,tor to Uver cells and pancreat.c cells. PD.X- 1 ,s clearly .nvolvcd ■„ pancreattc 
development and ts expressed in the fetal pancreas dunng ontogeny. In EXAMPLE 7, 
bis.olog,ca, analyses charaCenzed .he progem.or cell respons.ble for duc.al proUfera.,on and 
islet regeneration. 

S,gn,f,can. PDX-l expression also occurs in a subse. of duc.al ep,.helial cells ,n .he 
regenera.,„g.ransgen,cpa„crea,a,.hecellshavingmorpholog,ca,a„dh,s.olog,calcharac,ens.,cs 

of ductal ep,.hel.al cells. PDX-l exprcss.on was found ,n both lumenal and penlumenal ductal 
ep,.hel,a. cells. InsuUn express.on, charac.enstic of the newly fonned ,sle, structure, ,s also 
present ,n a subpopulation of PDX-, expressmg ductal cells. The PDX-l express.ng ductal cells 
are found ,„ both perilumenal and lumenal locat.ons. and a subset of the PDX-l express.ng cells 
also express .nsul.n. Thus, PDX-, expression ,n the regeneratmg ducts of the INFy transgen.c 
mouse recap,.ulates the requirement for PDX- 1 during ontogeny, and def.nes PDX-l as an 
.mportan. pancreat.c progenitor cell marker in the regenerat.ng pancreas. The denvat.on of new 
endocnne cells from ducts exhtb.tmg s.gn.ftcan. express.on of PDX-l, coupled wuh PDX-l 
express,on m .he regenera.,ng duct ep.thehum, shows that new format.cn dunng INF. medtated 
regenerat,on m the INF, transgen.c mouse might proceed through mechan.sms s.mdar to those 
active during fetal development. 

, ,ollo«,ug e.uunplcs arc presented to more fully ilU.trate .he preferred embod,men,s 
of the ,nvent,o„. These examples should ,n no way be constnted as lun.t.ng the scope o. the 
0 invention, as def ncd by the appended claims. 
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To better understand the role of KGF in pancrea.te development, a model system was 
established ,n wh.eh the influenee of loeal.zed KGF expresston on the growth and development 
of the pancreas can be assessed. A trans.entc mouse model was constntcted ,n which expresston 
of the munne KGF-coding polynucleot.de controlled by the human msulin promoter, result.ng m 
KGF expresston wtth.n beta cells ,n the islets of Langerhans. Ec.optc KGF expresston resulted tn 
several changes to the pancreas, as descnbed below. The „.-KGF mouse therefore provtdes a 
valuable system for studies destgned to enhance understandtng of pancreatic growth and 
development. 

^^^^^^^^^^^^^.^^^ generate „..KCF transgenic mtce. the 585 

base patr (bp) KGF cDNA was obtained by reverse transcnp.ase polymerase chain reaC.on (RT- 
PCR) of mRNA from mouse sal.vary glands. The KGF cDNA was cloned into a vector 
contatntng the buman tnsultn promoter and the Hepatttts b 3' untranslated polynucleot.de. The 
,,.s.KGF fragment of the vector was isolated by low melt agarose, purrfed using Genec.ean (BIG 
,0, mc La Jolla, CA, and NACS Prepac DNA punficat.on columns (BRL. Gatthersburg, MD), 
and mtcro,n,ected ,nto ferhltzed zygotes from BALB/c x C57BL/6 F2 mtce. Transgene postttve 
mice were further bred with BALB/c mice. 

hybndizanon of pancreatte secttons taken from t.vo lines of „.-/:GF transgenic mtce showed 

that expresston of the transgene message was concentrated ,n tslets of Langerhans. /. s„u 

hybndtzatton was earned out as described by Amush . aL La, Mv., 74: 985-990 (1995). 

^..sense and sense nboprobes were prepared by ,„ .,<ro transcnption of a Itneanzed plasmtd 

containing KGF cDNA ustng ["S]-UTP. After ,„ sUu hybndtzatton, sections were covered wtth 

photographic emulsion and exposed for 4 weeks before developing. 

Eiaergenc^ofBanc^^ 
^^^^^^^^^^^^^^^^^^ two linesof ..-KGFtransgentcmtee 

.ere further charactenzed. Panereata and spleens were fixed ovcn.igh, ,n 10% neutral buffered 
fonnalin (3 6% formaldehyde, and embedded in para.Tin. Spleen sections were stained m 
. „„„„c.,o„ w„h pancreatic slices as controls for pancreas-specfic antibodies. 5 pm paraffm 
sections were either stained with hematoxylin and eosm ,H&E) for conventional histological 
evaluation or stained for the presence of insulin, glucagon, somatostatin, pancreatic polypephde. 



..,aseXAn,PDX-..a.u™n..pha.fe.opro.e,n,o..o..aeox.n .ne,BdU „, , 

applymg ,he pnn,ary anybodies for insuHn, glucagon, so.a.os.at.n (all fron, DAKO, 
;te„La,L,,PDX-,,panc.ea,,cpep..eo.a,p.a-re,op.o^^^^ 

Bio,og.ca,s, COS. Mesa, CA), a.bu^n (Accurate Che^ca, and Sc.enUf.c CorporaUon, 
™, NY,, an,y,asc ,S,s™a, S.. Lou,s, MO), B.U ( Accu,a.e/Se.a.Lab, Wes.bu.^ 

riluLes,gn,,n— UKe™,ebu„.,MB,B,„d,ngor.bepn™.an*od,^^^^^^^ 

L;.eapp™p.a.e — an..bod.CVec,or.abo.„nes,Bu.n^^^^^^ 

neroxidase (HRPV.abCed av.din-biot.n complex (ABC Vector Labora.oocs). HRP 

;,s„a.,.ed us,„g 3.3'-d,an„noben.d,ne as a subs.ra.e, GUPs be„,a,oxyU„ was used as a 

counterstain for all sections. rrrmice 
Morpho,og,ca, changes .o islet structure ,n ...A'CF typically appear ,n ,„.-KGFnr.ee 
,et.veen5-V„ro„thsofage and are ™n,ntaUnyoungn,ice.l„teresttngly,clearcha„ges were 

Te ent (beta, delta, and PP cells), ntany oHbe cells wUH.n .any of the tslets of tbe transgen.c 
leas.ereno.typ.ca,pancreat,ccells.Ex.renre,ylargece„s«,tb large nueletw^^^^^^^^ 

„ .be pcnphery of approx.nta.ely one tbtrd to one half of the tslets. To deter^tne the rela.tve 
ntsLs:..-....— candnegat..el.t.e™aten,.ce,ant,^ 

„ereexant,ned. islets were _d a. .Oxpower(ZeissAx,oscope),us.ng the ^own.Opnr 
,e„gthofthccrossha.rs at 10xpowerforconrpanson..slets,.ewas assessed as e,thersntll« 
,00,ntd.a.eter,,.ed,unr<200-400,n,)orlarge(>400pn,).S.xtee„,,.-.C.aud.^^^^^^^^^ 
J,vel.ttenr,ate™,cewerc evaluated and tenisletswere counted foreachntouse. The tslet 

..es of voung (less than 3 tnonths, and old (greater than 3 months) nt.ce were compared. 

Pound,„approx,n,atelyV3toV.ofthe,s,e.sandloca„.ed.nthepenpheryo.the,s,as. 

' .besenovelce,lswereoaenfou„d.oenco,npassn,orethan..tbeareaofthe,sle..Theseces 

,arge,w,threspectto both .heiroveral,s..eandthes,zeofthe,ruucle„,n contrast tothe 

:.„.L.,ra„sge„,cco„.roi™c=,.nwh,ch.heccllswercofaun,fornts,.e^The,ar^^ 

„„t,rredo e pcnpheo^ of tslets, or ,n tra.ls in close assocatton with tslets 1 be large cells 

insulin, glucagon, somaxostatin.pancr.auc i...iyi_^l . 
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„eres™nar,„n,o«.ohepa,ocy,esa„ddidexp«sstHe,werp™.e,n,— 

. r -1 hv H&E Alpha-fetoprotein expressing cells were 
• 2/ of the larger cells were positive for albumin expression. The 

Le lo, ,™ce. 0„ averse, s,.,r,ea.. ™o.e ,a.e ... ,>.00 .a^e.. » 
rn™n,„.A-G/^n,ice.h.ee™onthsofagea„doMenha„,„„on-Uansgen..m^^^^^^ 

oils proaacea W nc„«„c .,ce (.nsuHn, «n, — n, and panc.a.. 
' pZ:Je,..e_s.a,n,n.censon„™,ce^ 

::Le.eaep.e,,a.e.— ^ 

. anhvdrase II (CAII), wh.ch is highly expressed in pancreahc due, cells. CAII posmve 

carbonic anhvdrase uv*^/^ii;, t transcnption 

• ■•'""'™t-"~:;::r::::^ 

. „ ,„,wd.n express .,„v of. he end„c™eho™,onese,ther, nor d,d 
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B.,U,Se.a,He,de,berg,Ge™any,was,,ec,ed,«rape— y,„.o™ce,6^^^^^ 

™„u.es BrdU posU.ve .eUs were counted ,n .ransgen.c and non-.ransgen.e n„ce (n-6 for each 
::.e,Tj™Uo.,c.nde.wasca,cn.a.ed..d,v,d.„s.enun,.erofp^^^^^^^^^ 
fcensco.pns,n..hednc.waUwUh.ha.of.o.a.nuc,e,/ductwa«™aUeas.five— ^ 
e,ose„r.eMs,neacHpanc.as.Dne.aUenswe.e,de„.r.ed..n,o«andCM,s.a,n.^^^^^ 

increased proUfera„onwHh,npancrea,aof,„.^GF.ransge„,cn.ce was .easu,edby,he 
p™,,fera.,n. censs,ain,ng brown, ,„d,ca.,n«.HaUHey have ,ncorpora.edBrdUA™.o.ic,^^^^^^^^^ 
If , 6% wa". .neasurcd for „„-XOFnr,ce. while rha. of the non-.ransgen. „„en.a,es was 0.,6„. 
Th,s ,a„er value .s con,parab,e .o wha, has been prev.ously reported by Crhens y™™. 

J . -, v,„ 7 AR6 506 1988) The difference in thcse mitolic 
Pediatric Gastroenterology and Nutrition 7. 486 5U6, iJ^^) 

,pro.,fera«„s,censwereduc.a,,a„,„creasednu™berofBrdUpos,hvecenswerewnh,nbo.h.he 

,„,_ea„de.ocnnehssues,,„co™panson.onon.^^^^^^^^^^^ 

Thus this EXAMPLE shows the expression of KGF m the islets P 
subs.a„.,a,p;o,,ferat,o„ofduct ecus wtthin the .sletniass. Despite the niorpholo^ica, difference 

„,hepJea.aof.rans.en.c™ce,nopa.ho,ogy,hyper,ycenria.orhypos>yceniiawasfoun.o 
.e associated with KGP expression in .he islets of transgenic nr.ce. No morphological changes 
were observed in the Hver, kidney, or intestine of the ,.,s-KGf transgenic mice. 



EGF was ectopically expressed in transgenic mice using a human insulin promoter. The 
heta cell-targeted expression of EGF resuhed in significant morphological changes, including 
cellular proliferation and disorganized islet ofLangerhans growth The mice were 
„„„„„lcm.c. luteresunglv, msulin-producng beta cells were found in some of the nets of 
„,aer ■,s-ECF transgenic mice. This EXAMPLE therefore shows that bolh EU^ .an affec. 

nancrealic development and growth. 

Ce„era.Jnof,-,,,^™.«-determ,„c,he,n^ 

,„ the b;t:;;;;^ancreas, transgenic mice expressing murine EGE under control o, the 
human ,i,sul,npronioterwerege„eratedf,„..Cn.ThcZS0-bpEGFcONA was used to generate 



.he „.-£GF,ransgen,c mouse. The cDNA was Coned ,„.o a vector eon,a,n,„g ,he hu^an ,nsuim 
p„™.er and .he hepa,..is b 3' untranslated pol^uc.eottde. The „..EOF fragment was tsolated 
ly ,ow met agarose, punfied usmg GeneCean (B,0 ,0. Inc.. La JoHa, CA) andNAGS Prepac 
DNA punficatton columns (BRL. Ga.thersburg, MD), and m,cro,n,ec.ed ,mo fertiltzed zygotes 
from (Balb/c x C57BL,6, mtce. Progeny were screened for the presence of the transgene by 
PGR typtng of ta,l DNA that was extracted using pro.etnase K digestion ovem.ght. PGR was 
perfonned ustng two 24-mer pnmers specftc for the human insuhn promoter. Transgene-postttve 
mice were further bred with BALB/c mice. 

Transgentc m,ce were screened by PGR and were further bred with BALB/c mtce for four 
,enerat,ons from .he ong.nal <Ba,b/c x C57BL/6) F, m.ce. The transgentc m,ce appeared normal 
and healthy, with average life spans. 

E^^BIS^MhSJUB^^ Express,on patterns 

of EOF were charactenzed by immunoh.s.ochemts.ry. Pancreata were fixed ovemtght tn 1 0% 
neutral buffered fomtal.n ,3.6»/. formaldehyde, and embedded in parafTtn. 5 ,m paraffin secttons 
were either conventtonally statned with H&E for hts.olog.cal evaluatton or statned for the 
presence of insultn. glucagon, somatostat.n, amylase or BrdU usmg tmmunocytochemtca, 
,echn,,ues. Seet.ons were deparaffin.zed aud blocked w,.h 2% norma, goat ^^^'^^^J'"^ 
applytng the pnmary am.bodies for .nsulin, glucagon, amylase or somatosta.m (all from DAKO. 
Garpentana, GA), or BrdU ( Accura.e/Sera-Lab. Wes.bury, NY). B.ndtng of the pnmary anfibody 
was detected ustng the appropna.e seconda^ an.tbody (Vector Laboratories. Burlingame. CA or 
Boehn„ger-Mannhe,n,,Ind,anapol,s,IN),a„dthehorserad,shperoxidase(HRP)-labe.edavtd,n- 

biotin complex (ABG kit, Vector Laboratones). HRP was visualtzed us.ng 3,3-- 
diamtnobenztdtne as a substrate. Gill's hematoxyhn was used as a counterstam. 

The expression of EOF s.gn.ficantly upregulated in all transgenic islets. As expected. 
EGF was expressed a. low levels .n the tslets of non-transgen,c h.termate controls, VVhtle the 
level of the EGF receptor (EGF-R) appeared comparable to the const.tutive level of expresston 
prevtouslv obset^ed for thts receptor by Damjanov Uab Invest 55: 582-592, .986,, 
.,p„,„„.;o ■„„ HGF-R was detected in the ductal epi.helia of the transgenic pancreas. 

„ mo^ho,og,cal changes w.thm thetr pancreata. Wh„e .he pancrcat.c ducts appeared norma, m .he 
,„e ,.,.t. ,n.rcased ,„ s,ze as ,hc mice aged. After 3 months of age. the m,ce had 



transgenic niic 
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.g„,f,can.,y „.ore ,s,e,s of larger s,ze (>400 ^n,, .„an d.d .heir non-.rans,e„,c iUte^a.es, ,n 
which most islets were <100 Jim (p<0.008). . .. „f 

,„ add,„on, .he .ransgen.c .sle.s exh,h,.ed suhs.a„<,a, d,saBgrega..o„. D,sorga„,za.,on o 
,3le,arch,,ee.ure,ncreasedw,.ha.e,„,,.-EG.™ee. Three nro„.hold and seven«^^ 
,,...GPn„ces.a,nedw„hH*Erevealed,i..,e_learce.Hnf,«ra.,on.o.h=,rre,ularl. 

Shaped isle.s .ha. .ncreased ,n s.ze and complex.., wi.h age. Age and sex nra.ched non- 
j3gcn,ccon.ron,.,e™a.es,a.nedw,.hH^Edenrons.ra.ed.>.,caHsle.nrorpholo,vandno 

™""T,;!::rnWs,s occurred aro„nd .he .sle.s. Panerea.,c 

was no. sufficien. .o explain .he d.sorgan.zcd archnec.ure of .he ,s,c.s. Surpns.ngly, 

;;;:;::phoc>..e,„fi«ra,,ona....eenronrhsd,dno..„crcases.gn,.ican.W»,.hag.^ 

rn,phoc.ic.nr,Ura..onands.ruc.nralchanges,n.he,sle.swe.^ 
"~—.n,ngfor,nsu.,n, glucagon. soma.os.a.in, and am,^ 

revealed .>.,calexpress,onpa..ernsw,,h,n .he ,sle.s and exoonne,,ss„e,s,n.,lar.oageandse^^^ 
„a.chednon-.ransgen.cco„.roKMo.holog,cal Changes occnra.a.a.erage,ha„.^^^^^^^^^^ 

KGf nnce and are less severe .han ,n double .ransgen.c nnce. Non-.ransgen,c den.ons.ra.ed 
e:;dandlesserpheno,.echanges.han,ns,„gle,ra,.sgen,c..dd,..ona,,v,.hecel,sprod.^^^ 
.hes pro.einswere,for.hemos.pan.presen..n,>..caUunrhersandplacemen.However>^ 
rarepLenceof.nsul,n-pos,,,vecellswasde.ec.ed,nsonreduc.sa.nn.on.hs,.mp.^^^^^ 
generanon of newly formed beta ce,ls«,.h,n .he pancrea.icduc.s.Be.a cells are no. normaly 
:u:dou.s,deof.he.s,e.s.Theoverallhea,.handv,ah,l,.yof,.-.C.m.cema.ched.ha.ofnon. 

''^"^C:r:valueswere,a.e„a..wec.,n.er..lsform,ceofva.^^^ 
oh,a,nedfrom;he.a.l and hlood glucose levels were de.erm,nedus,ngaucof.lmh,ood glucose 

1 s.nps ,M,les Diagnos.,c, El.ha^, IN, Non-fas,.ng hlood glucose values of no„-.ransgen.c 
ra,h,c 1,L ,n our colony ranged from SO .o 1.0 mg/dl. No mouse exceeded .he normoglycem.c 

value of 1 3U mg/dl, nor was an v nious 
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TWO .mponan. growth factors for pancrea.ic deveiop.en., EGP and KGF, were 
ec.op,.any expressed ,n„c™ceus,„.rhe human .nsuUnpronrorer. The .e,acen. 

Uedepress,onofe.herEGPorKGFresuHed,ns.n.r,canf— ,o,,ca,„^ 

Id,n. eeU.ar proHfera.,o„ and d.sor.a„.ed ,s,e. of Un.erha„s .row*. .„ ho.h 

: weenor.o..ce.,c.,n.ercross...he— aU,,..«.and,..^^^ 

generate EOF . KGF nr.ce resulted in transgente ™,ce «,th ntore profound changes ,n 
::,c.orpho,og..hanwasseenforehher growth factor a.one.Prohfe.^ 

^ . . rxtcnsive inlra-islel tibrosis, 

v'ac -l'=o observed in the double iransgcn.. .wwus. - 

:::a:;ound.o.ncrease.nse.e.t.w,th.,ute.„.eresttng,>.,.nsuhn.produc.nghe.ace,. 

were found ,nsonreof.heductsofo,der„.-.G.a„d„.-£G..r AC. transgen-cnttce, and 

Z,ase,roduc.ngcenswereohse.edw,th,n.he,s.etstrueturesof.hedouh,e transgente ..ce. 

Thts EXAMPLE therefore shows that both EGP and KGF can affect pancreat.c 
developntent and growth. C„-express,on of these growth factors acted ,n concen to produce 
;.::::n,orpho,:g,ca, Changes, the pancreas. w,.houtcaus,„gan,apparenta—,,,es,n 

_„,,.,...GPwou,dha_^ 

were crossed to ins-KGF mice, and ins-EGF x KUt proge y 

Ztransge„es.Oncehothhneshadheenhae.crossedtoBa>WC,n,eeforfourgenerat,ons, 

"aLo.go.e,,,....ana,.-.«.»^^ 

homozygous, double transgenic i,ns-EGF . KGF) mice. 

Charactenzat,onofthedoub,e,ransgen,cm,c= revealed unusuaUhanges in pancreat,c 

morphology whtch d,d not s.mply reflect the effects of each indtvtdual transgene. ...s EGF . 
r.licrdcve,oped enlarged. d,ste„ded,andnon.connuen..sletsatearl,er.tmes.han was seen 

„ for etther the s.ngle ..s-FOF or ...Gr transgente m.ce, ,Xdd,.,onahy. ah of te transgen, 

™eeage.,mon.hsorgreater.hads,gn,f,cant,ymore.sletsof,argersr.e.-.,,«.md,antetr, 

,.n.,aus.«„,c,n,cc.inw.h,chmos.,s,ets.vere<l«0^m.p.«.02,.lnthts regard, the 

:oub;e;rans.eu,cm,ce had more ,sletsof,argers,ze.hand.d the „..A-G..ransgcmcm,ce 

"oOZLan^ there appearedtobemoretsletsofalargersrzemthedoubletrausgemcmtce than 
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. EGF m.. although the d.fference was no. as s.gn.f.can. (p<0.07). Mon,ho,og,cal 

:„e„.w.e™.h.ea,e.,n.he.ou^^^ 
,„.eres„ngly, as w„h ,he 

ducts of the m5-£GFx /CGf transgenic mice at a later age t 

, levels were measured over the animals life span (90-150 mg/dl). 
^"°^r:::a,nn,gfor,„su,.n.g,ucagon.so.atos.atu,,anda™,,ase,n.he,.^^^^ 

,..:.u;„ ..l.t<= and exocrine tissue, similar to age and ..x 
revealed typical expression patterns xvuhm .he ..la. a.. . . 

dcnronstr ted delayed and lesser phenotype changes ,n stngle transgen.c n.ce and 
transgentc demonstrated ^<„;,„naUy, the cells producmg these prote.ns 

viab,li,yof,«.-£GFm,cematchedthatofnon-tra„sgenichttemrates. 

, L,„ce,lsw3sde.e™nedhy.mmunoh,stochen,.stry.Cel>u,arprol,rerat^^^ 
J,f,edhy,n,ec.,nglOOnrg/gbodywe.ghtBrdU(Serva,He,delbers.Germany, 
lpentoneal,yin.om.cel5hourspnor.osacor,ce.Paraffin-en,beddedpancreataw^^^^ 
ronedana.amcdw,.han™.BrdUan..hody(Accura.eChem,ca,.Westhury,m.as 

riTd ahove after treatment w.th 2.S N „C, for 1 5 trrtnutes. The extent of prohfera.ton was 
,„ — hyconn..nga,ltheBrd.po.n,vece„swhh.n.Or,e.dsusinga^ 

n ,1. . HrtU ■ nnsilive cells per pancreatic slice, yet Nvere also 
20 fields were representative ot all ihe Brdl no-.iln c c. _ i 



On average, m5-£GF ana ms fvu , s 1 +/ 3 Un=8) and the 

„ .esneeuvely By contrast, the double .ransgeraem,ce had 15.3+/ 3 l(n ) 
pos,t.ve eells, respeet.vely. y ^^^^^ ^^^^ ^^^^^ ^^^^^^^^^^^ 

r;:r::: 

PCF X KGF nnce were found withtn the ae.nar, tslet, and ductal ttssues. 

^^^^ 

,„ ,„..EGF. KGF , . ^^^^ ^^^^^^^^ 

observed ,n the ws-EGF mice, transgenic 
elongated nuc.et. The level of fibrosts increased substanfally wtth age 

chromogen agatnst a blue hentatoxyh ^ progressive stages in 

e.pec.edexocnnesta,n.ngw,thtn.hepa„creataof,.-..^^ 

' ' ..o, appear ,o hinder nonnal funcon.ng of the pancreas. 

double transgeniL- mi^^ 'iPV 
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EXAMPLE 4 

wr.F iNniirES differentiation of endoc rine ce lls from ductal 

EPITHELIAL CELLS 

A transgenic mouse strain in which IFNy is expressed in pancreatic beta cells exhibits a 
continual development of new endocnne cells that arise throughout adult life (Gu & Sarvetmck, 
Development 1 18: 33-46 (1994)). The ontogeny of beta cells appears to be qmte similar to fetal 
development. To show that IFNy induces the expression of growth factors that facilitate this 
regenerative process, »,5-/7-7Vr transgemc mice were constructed. The m^-ZFTV/ transgenic mice 
have regenerated islets that bud into the duct lumen from duct epithelial cells, cells which 
express elevated levels of KGF adjacent to the duct wall. Cells expressing the KGF receptor 
(KGrR) are also found within the duct wall of the transgenic mice. Neutralizing a-KGF antibody 
treatment of these mice modulates the regeneration process, resulting in beta cell insufficiency 
and hyperglycemia. Also, fetal pancreata exposed to the neutralizmg a-KGF antibody exhibit 
abnormal islet development. Therefore, KGF mediates the islet regeneration observed m ins- 
IFNy/NOD transgemc mice, is involved in pancreatic development, and enhances the 
maintenance and expansion of a ductally-denved cell that is capable of differentiating into 
functional precursor cells for the endocnne pancreas. 

Introduction The pancreas develops from both an epithelial component of endodermal 
ongin and a mesenchymal component of mesodermal ongin. The mergmg of these two 
components results in a classic epithelial-mesenchymal interaction. Several studies have 
implicated a soluble "mesodermal factor" that is required for maintenance of the pancreatic 
epithelium. Studies of pancreatic ontogeny, carcinoma of the pancreas, and models of limited 
pancreatic regeneration point to the ductal epithelium as the site where exocnne and endocnne 
development originates. 

The role of growth factors in pancreatic islet development is difficult to address 
expenmentally, because beta cells anse dunng midgestation, allowing the detennination of 
relevant growth factors dunng embryonic stages. The beta cell numbers are stable after birth. 
Nevertheless, pancreatic islet cell regeneration is important for studying regulatory factors 
involved m pancreatic islet cell differentiation. 

Transgenic m n.is;e ex pressing IFNy nnHpr the control of insulin To idemify growth 
factors that regulate pancreatic islet development, the expression of growth factors were assessed 
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,„ a model where ,sle. cell regenerafon oeeurs con„nuously. In .he model, elevated KGF RNA 
levels are found, as well as KOF receptor expression by a population of ductal ept.helial cells. 

Transgen.c m.ce expressing IFNy have been descnbed previously by Sarvetntck e, al. 
Cell 5. 773-782 (1988). Progeny from this line were backcrossed more than twelve generattons 
.„ NOD/Sh, mtce. Progeny were screened for the presence of the .ransgene by PGR typ.ng of tatl 
DNA, extracted us.ng protetnase K dtgestton ovemtght. PGR was perfonrred us.ng two 24-mer 
primers specific for the human insulin promoter. 

,j,jU,,y,,,Mmms& To screen for potemial growth factors that could mediate the 
observed proliferation and differentiation in the .ransgemc mice, the ,>,.-yFWK .ransgemc mouse 
pancreata was screened for increased expression of nine potentially relevant growth-inducing 
factors by ,„ hybndization. sUu hybndua.ion was earned out as descnbed by .Amush 
„/ Lab In.es, 74 ■ 985-990 (1995). Antisense and sense nboprobes were prepared by m vuro 
„anscnption of a lineanzed plasmid containing KGF cDNA using »S-UTP. Afler ,„ sUu 
hybndization. sections were covered with photographic emulsion and exposed for 4 weeks before 
developing. 

These ,„ ...u hvbndization assays of pancreatic sections ftom u.s-IFNy transgenic mice 
revealed expression of KGF RNA near actively replicating ducts, as judged by tbeir size, and in 
the vicinity of regenerated islets, as judged by their proximity to ducts. Th.s demonstrates that 
the cells adjacent to the duct wall, likely fibroblasts, produce KGF. 

The ability to detect KGF implied that cells near the duct may respond to a signal from 
this growth factor. Pancreatic cells that respond to the KGF mitogenic signal were predicted to 
express the KGF receptor. Using an antibody probe consisting of the KGF molecule fused to the 
IgG, Fc portion of the immunoglobulin molecule (a-KGFR). to idemify the pancreatic cells that 
could respond to KGF by screening for KGFR expression. 

Binding of the a-KGFR molecule was revealed in a subcategory of cells in the duct wall 
of ,„.-/f/VK/iVOD transgenic mouse pancreata. These cells were found mainly in the penluminal 
location, and occasionally bordenng the duct lumen. The KGFR localized m the cytoplasm, 
indicating potential transport of the icccptor lo the cell surface or internalization of the receptor 
after activation by binding to KGF. The leceptor-positive ductal cells expressing KGFR were 
also sphericallv shaped, compared with the cuboidal appearance of other ductal cells, and the 
penlumenal location indicates migration away from the lumen of the due. which occurs dnnng 
beta cell ontogeny in this model. No KGFR positive cells were found in the duct wall of non 



transgenic hucrma.e pancreatic .issue. This EXAMPLE demonstrated that cells capable of 
responding to KGF act.v.ty within the d.fferen.iating ep.lhelta, but were no, detectable ,n 

epithelia of the normal adult pancreas. 

j^^jjj^^y^ijjj^^^ To determine that KGF was required for tslet neogenes.s 

,„ ,h,s model, the transgemc m.cc were treated w,th a neutrahz.ng a-KGF ant.body. Neutrahz.ng 
a-KGF anfbody treatment of n.-lFNy^NOD transgentc mice reduced cell replicat.on associated 
w„h pancreattc .slet cell regencrat.on and lead to the development of d.abetes. Fetal pa^creata 
treated w.th the neutrahztng a-KGF ant.body were apparently defective ,n normal development 
of ducts and seeding of islets. 

/„, ,F,V.-VOD .rans«n,c mice were dcnved by backcrossing IFNy .ransgemc m.ce w,th 
NOD mouse stram seven ..mcs. fhese m.ce were treated w.th Cher ncu.ra.izing ant.Lody or 
control anttbody for a short (two week, penod, to .rans.ent.y deplete the growth factor from the 
transgenic m.ce. The m.ce were mon.tored for repl.cat.on of pancreat.c cells and diabetes dunng 
and following the antibody treatment. 

,„s.,FNrmOD transgentc m.ce were treated w„h a neutralizing 1G4 a-KGF monoclonal 
antibody (Bottaro 1993; Aland c, ai. 1994). Antibody treatment was performed as 

follows Asctes fluid containing neutralizing anti-KGF antibodies was purchased from Lofstrand 
Laboratones (Be.hesda. MD). The antibody was punfied over a protein G column (Pharmacia 
Biotech Alameda, CA) and analyzed for KGF neutralizing activity. Animals were injected with 
30 ^g/g body weight of neutralizing anti-KGF antibody. IgG, s.enle PBS or nothing two times a 
week for two weeks before sacnfice (4 mice were sacnficed one week later with no additional 

treatment). . 

interestingly, neutralizing a-KGF antibody treatmem resulted in a rapid increase m blood 

„,ucose levels. Blood glucose measuremem was performed as follows: .At regular intervals. 

blood was obtained from the tail and blood glucose levels were detennined using GlucofUm 

blood glucose test stnps (Miles Diagnostic, Elkhart, lN).The increase in blood glucose levels 
.nrpHcs a reduction in insulin producing beta cells mass ,n the anti-KGF treated animals, and is 
consistent with the Ihcc.r. that KGF .s involved in the regeneration process. 

Bj^jUijabeHnfiTo dc.cmiine that the removal of KGF correlated with a rediicon in 
proliferabve ac.ivny in progenitor cells within the duct wall were labeled the anti-KGF treated 
transgemc NOD mice wnh BrdU. For assessment of cCluUii proliferation, .00 ,g'g body weigh, 
BrdU (Serva. Heidelberg, Gennany, was imec.ed mtrapen.oneaUy into mice 12 hours before 



(Accurate Ch=„.ca,, Wes.bury, NY) as descnbed above after .reatntem w,.h 2.8 N HC 

L.es.TKen,„o,.c,nae.wasca.c„,a.eab.a,..n..e„™berofpos,r,v^^^ 

:„sco™pos,„.*eauc.»a„w.H.Ha.or...„.c.e.Muc,waninar,eas,nvera„^^^^^ 

fields ,„ each pancreas. ,.nrunoh.s.oche,.,ca. techniques were used .0 vsuahze .he BrdU 
,ahe,edrepl,ca.,n.eens, which werecou„ted.BrdUi„eorporat,on was .ower.duc.sofn,,ce 

.eared „,.ha-KGP<«,.han.ncon.roU .reared w,.h,sG(,«KP<0.05,— 
,„dica.es.hearres.ofdivis,o„ofasuhca.egor.ofduc.u,ar,n.e™ed,a.ecens.Thus,KGFp,aysa 

role in pancrea.,c,sle.regenerafon.n .he trarrsgenrc model. 

^3. studies TO derermrne whe.her KGF ,s necessat, .or feta, .s,e. d.fferent.at.on, 
BALB/c m.ee were .reared a. day .0 o. ges.a.ron w,.h .he „cu.rai,z,ng a-KGF annbody, an .=-G 
,sotypethatread,>ycrossesthep,acenta.BALB/cBy.nr,cewerea.,owedtonrateandDay o 

pJancywas,ndica.edby.heprese„ceofava,na.p,u,.Presnan.n.,eewere,n3ee.w,.hI. 
,,of„eu.ra„.n.a-KGPan..body on day.andfe.useswere.a.enondayn,e.bedded Whole 

in paraffin, seConed and analyzed by „.nrunocy.ochenns.n, as descnbed above. 

Fe.a, pancreara depnved of KGF a. .he ElO s.age show a decrease in .he number o 
rnsulin-produc-nscells and abnonna.c,us.enngof,„sul,nproduc.ns cells, ,nd,ca,,ngadefec,n 
:hefoI..o„of.s,e.s. The .sle.s,ncon.rol,sG-.rea.edn„ce appeared .obedtsperse away ron, 
the nrarn due.. Whereas i„neu.ral,zrnsc.KGFan.,body-.rea.ednr,ce, .he tsletswereboreredb 
l..H.ecens. .he s.ud,=ssugses.are,u,ren,en.forKGFdunngnoonal feral ,sletdeve„. 

Sjunmaa This EXAMPLE shows the .rophrc ac.ivitres of KGF ,n the neogenesrs of 
beta-cells, at least dunng pancreahc isle, rcgenera.ron ,n ,he .ransgentc models. 
hybndtzation w„h a KGF probe showed upregulation of the KGF message ,n i„s-,FNr 
transgenrc mice. KGFR express.on ,s found ,n a subset of ductal ep,.hel,al cells as well, 
,den„fy,ngatargetcellforKGFac,.on.KGFwasrer,u,redfor.s,etcellregenerat,on,nte 

.ransgen,c mouse model stnce ,ts depletion leads to a decrease ,n duct cel. rephcat.on and 
hyperglycemia ,n the transgenic mice. Furthermore, studies of .ransgemc mrce expressing 
factor d=mons.ra.ed expansto. of the ep„He„u,n and sntall due. associa.ed ,s,e.. 

several crt.tcal d.ffercnccs ex,s. be.wcen .he pnor ar, and .he resul.s of ,h,s EXAMPLL. 
, The.ava,lab,„.yofcom,nons.em/progem,orce,ls.obes.i,nula.edbyKGF,sone,mportant 

,ss„e The ava.lab.iity of con.mon stem progcn.tor cells ,n the trans.enrc mice here ,s much 
greater than the norma, adult an.ma.s ,n the KGF tnfusion s.ud.es. In the transgentc m.ce, 



this 



,„,e™ed,a.e cells =x,s. ,n adult an.mals tha, could be un.que.y sens.t.ve .o .he KGF s.gnal. Thus, 
,he trophic effects of this growth factor may only be revealed in s.tuat.ons where an appropnate 
population of contnron stent/progenttor cells was present. In the generatton of islet cells, due, 
ephhehum prohferat.on .s followed by d.fferent.at.on fonntng a hierarchical relat.onsh.p. 
Therefore, ,n the regenerat.on model, tslet cell developnrent was affected through the duct 
epithelium, wh.ch precludes islet cells during the process of neogenes.s. 

FXAMPLE 5 
,,,Tpo r^..l TIIRFS OF PAN CRFATIC DUCTS 

^^^^^^^^^^^^^^^^^^ fhe punficanon of duct epitheUa from 

transgenic and „o„-transgcmc ju.ce was accomphshed us.ng the procedures of Kc. Conte e. aL 

Diabetes 45(8): 1 108-14 (1996). Pancreattc tissue was extracted and placed in a collagen gel. 

Cysts structures formed in vitro. 

Approximately 10 cysts have been obtained from each transgenic or „on-,ransgen,c 
™usc. without opt.m,z,ng the isolation condit.ons. Better yields of duct cysts per pancreas 
(approxtmately 40 cysts from each transgemc or non-.ransgemc mouse, can be obtained after 
optimization of isolation procedures. 

Purified ducts have been incubated m v„ro for up to ten days. Histological analysis has 
verified the identity and tn.egnty of the ducts. For this histological analysis, the ducts were 
removed from the dish m the gel, fixed ,n ,0% neutral buffered formalin, and embedded ,n 
paraffin Afler being sectioned and placed on glass slides for microscopic analysts, ,he ducts 
were stained bv hematoxylin and eosin (H&E) staimng to distinguish individual cells. The 
sectioned ducts were also analyzed for expression of insulin, carbonic anhydrase, and glucagon 
by immunostatnmg. These isolation procedure resulted in the purification of ducts of a wide 
variety of sizes in diameter. 

Cultured dues have been labeled with BrdU to determine the proportion of duct cells that 

proliferate in tissue culture. 

^^yj^aflmep. oJjsuriDedducls Techniques have been developed to transplam isolated, 
punned, viable pancreatic ducts into syngeneic recipients. ,o provide purified common 
stem/progenitor populations. 

r , acvelop a proof of principle, whole ,„ v,„v, grown due, cvsts have been transplanted 
into mice. Purified pancreatic ducts have been successfully engrafted into the liver. A 3 mM 



W -36- 

„,ae an. ..ree .M aeep ,ne,s,on was .ade ,n.o .e ,o„e. ,o.e oHHe „ve. One ... c.s. wa. 
p,ace.,„.c*e,„c,s.on.TKepanc.ea.,c.ucU,as.een.,a,nea,n,He,af.s,.efo.aUeas.one 

week following this grafting procedure. 

Punf,e!pa„crea.,c.uc.sca„been.ar.edin,o.He,,v.a„.o.e.s.esfo..nHe.s.e. 

cell studies. 

FXAMPLE 6 
SIMLCELLASSAY 

THe,nve„t,onprov,des an assay fonhepresence and ac,ivUyofco™.o„s.e./p™ge„,^^^ 

lo livcr cells and pancreatic cells. _ 

. th. hpmaTnnoietic system, punlied mouse uuue u.a...^.- 
To demonstrate stem ucl.^ ... 1 - 

• f .ten. cells (HSC) were used to reconstitute all blood cell types in lethally 
hematopoietic stem cells vn>3v^; r-^^^i 

advances led .0 elegan. expenn^en.s ,n wh.ch a s,„gle mCD34'»^ c-ku , Sea-. L,n- cei, r s >.ed 
:l,.._s.n.,onoran.oodce„....yOsa»ae.aM,...— 
Havcs.o.„..a.as.n,eL,n,,L-7R-Thy-USca.rc..U-c.ncan.enera.ebomTandBces^ 
,den.,ry,n,.H,sc=n.ype as ,He cables. ^o.n,y.pHo..c„.n.,«edp.o.en„o.,nn,o.se .on. 

™— ;::r:sr:r;.ed..^^^^^^^^ 

S.„d,eshavcden,o„s..a.ed,ha.as,ng,e.a™na,,a„neu.aU.es.ceU,s.nU,po^^^^^ 
eapab,eofg,v,„.nse.o„e.onsa„dSchwannce„s,ncuUure,S.n,p,e*Andersc„ C.«. 7/ 

,9..,) .naddU.o„,s.n,ece>,a„a,ysesor*ee...on.CNSHavesWn*.^ 
Lcesa.ecapab,eofp™doc,ngan.h.ee™.o.cen.ypesof*eCNS(neurons,a.™cy.e.^ 

;;,S.e.c;,,s,,avea.so.eende.ons,ra.ed..he.es.esofd„„o,n,,ce.^ 
aWe.orcpopu,a.e.hes.en,e,es.esofrec,p,e„.n,,ce,.ead,„g,o.heprodoc.onofsp=— 
:B-I//Ava.oa..-..,V,.,M.«.Sc.U..Wr..>:n303-n..mBnns^ 
, /.s , v/fV) 11298-302 (1994)). 
""Basc7o„'diffcrcn.,ai adhesion ,o extracellular n,a,r„ componen.s, hu.an ep.dennal s,cn. 
' „,,Havealso.cen,so,a.edandeHarae.er.edbyio„es,a,,.SV,KWa./,-.:.^ 

L s.cn, CIS ,sola,ed iron, euHorcd ep,de™.s are clono.cnlc. are aHle ,o sel.renew. and 



ab,= .0 .=nera.e alffe.cnu.ed .eraUnocytes ,,, V,,™. CuUured ep,de^a, s.e. ce,^ 
reconsmute a complete epidemi.s when grafted onto nude m,ce. 

TO cnucan. evalua.e aCvHy of cemrnon «en..o. .o „.e, ceH. and pancea c 
,,„,,„,,sa.e,es.edfo.*ea.UUv.o— epancrea.,c:.e.so.hepa.oc.e.T^^ 

J„lofne.vpancrea.,c.s,e.sorhepa.cy,es.on,me™p.a„tedpancrea„c_ 

^'="n::::ai;..epe.^^^^^ 

,aftsa.e,.e..on,„.-.G..ansge„,c..ceornon-.ans,en,cBALB,cdono..a„sp.a„d 
!LMB,.SC,D.c,,e„,sNe.,pnnr,ed«ho>epa„c„aUcduc.sa.ensed..hes^ceU^ 

'Z^ SubscuenUv, due. fra^en. are used ,n ,he s.en, ceU assay. r„,aUy, punnco o,spers=„ 
::::„„aredduc.ceUs aroused .n*es.e.eeUassay..o,so,a,eeon.™„sWpro.^^^^^^^ 

liver cells and pancreatic cells. ■ ^ ThP 

uewly seeded islets are .dent.fied fronr the.r .ocarlon ,n the graft s,te ,„ v... The 
„e„,y seeded .s.ets are a>so ,de„.,r,ed us,n. sens,t„e ,aheHn. tecHnt.ues. KOP traus.entc mouse 
:recrossed«,ththeKOS...hne.oproducedouMetrans.e„,eo«t.at express t.e 

,a,aeto.dase.ene.nanonhe,rcens.Thesedouh,etrans.en,epa„erea.,eduetsareuse^^ 
donors .„ stem eeuassays,.odemonstra.e the preseneeofconrmonstem/progenttorstohvereens 

and nancrealte eells m the ducts of m.-A-GF transgenic mice. 

Lsgenrc and non-,ransgen,efe.a,panereata have heen transplanted underthe«ney 

capsule, resuU,ngm.hegrowtHofma.ure,s,e.sw..h,n three wee.sof,mp—. 

Thepresent EXAMPLE was intHated tnorderto funherdef.ne and eharactenze the 
endocnneprogemtor cells ,n,heduc.sof,N.y,ransgen,cnr.cetha.gtvensetois,e. cells, and to 

^dertifv novel cell markers associated With these cells. 

The tdenttficattou of novel markers assocateu w„n c„d pr..^...t-. - 

,NF. transgcntc pancreas would clearly be ofva.uc. wit,, regards to hoth deilntng these 
! : l ananas of the regenerattve process. T.us. this EXAMPLE sought to 
;,:n;Uvpro.e,„s Whose cxpress,onm,ghtbeelevatcd,n,heregenerat,ngducts„f*cl^^^^^^^ 
.^sgentcmousc. The .mttal analysts focused on the homcobox.onta,„,ngprote,n.PDX I, 
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- PDX-, was selected because .h,s pro.e.n had been ,n,pUca,ed in pancreatic development 
dttnng oigen,. PDX-. (also called IDX-l , lPF-1 . or STF-, ) ,s a transcnpt.on factor er^ncal for 

ancr at- Wlopn^cnt and endocnne cell fomtat.on. PDX-1 rc.ulates tbc e.presston of ,nsn .n. 
l-l ,se.p.essedintbepancrea..c,s,=.soradul,s,but,sabsen..on,ancteel,s M,eetbatdo 
no,e.pressPDX-nac.apancreasandd,cshortlyanerJ,,nh.PDX-lfunct,ons,nte 
.etem,.nat,ona„.nta,n.enanceof.hepancreat.c,de„t,fyofco,.,.onprecnrsorces.or,ndte 

re,u,a„onof,lre,rpropa.a„on.Becauseoftbcextens,vednct cell pro„fera„on and new tslet 

growth characenstics oHhe INF, mouse. PDX-1 was suspected of betng tnvoWed ,n the 
re,e„erat,onoccum„g,„thcINPvmouse.Aprote,nwh,chisen.,ca,fore„docn„ecell 

the regenerating pancreas. 

^^^^^^^^^^^^^j,,^ A transgentc ntouse ntode, ,n wh.ch INF. express.on results 
.,hedes.ructtonofex.st.ng,sle.shasprev,ous,vbeendescnbedbySarve.n,c.«a.C./ 

5, 773-782 (1988). ,„../F^.transgen,c mice, whtch express IFNy in the beta cells of the 
.splav ductal h.perp,as.aa„ddestruct,onof,sletsb.,nf,,t^ 

haracensttc of that seen .n T>.e , d.abetes mouse models. An tntogutng P--- 
n,.ee,sthebalancebetw.eenregenerat,onofW,s,etsandthedestruc.,onofpre. tsttngtslets 

protected from tnftltratton and destruct.o„.Theag,ress,vegrowtbofpancrea.,cductsandt 
!o„t,nuousd.fferent,a.,onofnew endocnne cellsdunngadultltfetndtcates that theprogemtor 

cells responstblc for th.s remarkable regrowth exts. in the transgemc pancreas. 

L..>m,ce that were hackcrossed,n.otHeNOD/Sbistram(„.-/A'F./^Oi„formore 

than ten generattons have a very low incidence of dtabetes «20%. compared to NOD mtce. 
„..h havea„,uc.dcneeof^80o. for females and -.3. for males,S,gnif,eantpancreacdc^ 
ccllproliferatton and tsletregeneratton are obse.edm.hese mtce. Theabsenceofstgnthcan. 

,ege„erat,ve abtltttes by endocnne cells shows that the new ,sle, growth ,s med.ated by 
progcmtorcellsmthepanereataoftransgemcmtce, because the new tsle, cells aredcrtved from 

cells in the pancreatic duel. 

^^^^j^^^^^lj,^ ,„,ng .mmunoclecron uncroscopy (.EM». the POX- 
„ cxpress.ngccllsprcscn,,nm,cew.recharacten.ed.Pa„crcat,c.,ssuewasnxcdmn,..,to.^^^^^ 

, , ; hoM-s It ^ vC. Fixed tissue was nif\iscd m 1 .5 M 

buffered formahn (3.6-o lomiaidchyd.) .o. _ aoa.. - 

.,e.ose-PBS tor 0.5 hours wUh .entle inversion periodically. Infused tissue was c^uicK fro.en 
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U,u,a„U.o,e„,— a,„O.CT.an.«bu.anea„asec.one.30.4 
3,,,o„s«ere incuba.d ,n .lycne-PBS .o quench aldehyde forO.5 hou.s. bloeked.n 0/. 

a. a„L.. seconaa. a.ibody be., .r™, ,n .% ,u.«-PBS 0. Hou. and 
:ash,„S.PBS.Keac.,onp.od.cUvasv..an.edw.Hd.a— ,d,ne(OAB,ror,™^^^^^^^^ 

.nd DAB- H,0, for 4 m.nu.es before .r=a.,ng wUh ,% OsO. T.ssue was dehydrated ,n graded 
e.ha„o,.c,ea;ed,nprcpy,ene„x,de and embedded ,n„<,u,dSpurrres,„.™nsec.,o„s were 

viewed with a H.lachi HU 12A electron microscope. 

^^^^^^^l^^jj^^t^ The PDX-. expressrng cells present ,n mtee were also 
..„,.ed hv „m..,nhistoche.,s.,y. Pancreata were ftxed ovenr.gh. ,n 10% neutral buffered 
,n.ahn (3 6% forrttaldehyde) and embedded tn paraffin. 5 ,nt para.ln, secons .e,. .„h., 
,„vent,onally sta.ned w,th het^atoxyhn and eostn (H&E) for h.s.olog.ea, e.aluatton or sta.ned 
,or the presence of tnsuUn. PDX-l, ns.ng ...ntunoeytochentical techntques. Bnefly, seCons 
were deparaffin,zedandhlocKedw,.h2./.nomta, goat sentn, before applytngthepnnrat. 
.nt.bod,esfor,nst.l.n,OAKO,Carpentana,CA,,orPOX.,.Blnd.ngofthepnnrarya.,b^^^^^^^^ 

detected using the appropna.e secondary antibody (Vector Lahoratones. Burhngante, CA), and 
:rserad,!hperox,dase,HKP>,abe.eda.d.n.b,ot.nc„n,p,ex 

..sualized ustng .U^-dtanttnobenztdtne as a substrate. OtTs henra.oxyhn was used as 
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HRP was 
a counterstain. 



erstam. , , ... 

Stgntfiean. PDX-. express.on was observed in a subset of ductal eptthehal ee.ls 
,ntheregenerat,ngpancreasofthe,NFyntouseby>,ghtandinrnt„„oeleetronn,.roscopy.PDX- 

, expression was found .n both lumenal and penlunrenal ductal eptthehal ee.ls. No 
ntor^hologtcal differences were apparent beUveen PDX-l posthve and PDX-. negattve due 
:er:slexpress,on,eharac.=nst,cofthe„ewlyfo™cd,s,e.strt.e.ure.wasalsode.ec.ed,„a 

subpopulation of PDX-l expressing ductal cells. 

INF, transgenic .ouse islets express the normal endocrine honnones (Gu & SarvetniC, 

^ ^ ,o...-. .....dd^t,.. .nns,stent^v,thvvhatlsobser^'edmnontransgemc 

p.„crca.a, the ductal epnhehal cells ,„ the IP., mouse pancreata express the ductal eel, .nar.er 
.rhontc anhvdrasc ,1 ,C All), w„h no apparent sta,n,„g for anrylase. a ntarUer for acnar ce Is 
,0U * Sa^etntC, «e.W<,„-.e,„ / 33-40 1 ■V.4„. PDX-l ,s clearW .n.olved ,n paucreat.c 
development and is expressed ,n the fetal pancreas dunng ontogetry. 



TO de.em„ne .f PDX-. ,s mvo.ved ,n regenerauon as weU as ontogeny, .he INFy 
..ene..,n. pane.eas ofuans.en.e and no„.ans.en,e nnce was scene, fo. PDX. exp.ess,o„ 

ajla, an..o., a.a.ns. PDX-,. S.n.ns e.p.s.on ofPOX., was .and .n ,He 
.eja.,n, duc,sor.he,NP,n,o„se. The analyses .evea.ed*eprese„eeof—^^^^^^^^^ 
nr=nnc,e„sorisMee.s,ase.pee.ed...a,so,na,a.sepropo„,ononHece,,swn.n.ed^^^ 
: Wh,,eno.anor.heeenswUh,n.epan„ea..ednc.sonhe„..,cew^^^^ 
ro,PDX., .hoseduc.ssuppon,n,.heBrow,hofin.radue,aUs,eUwe.es.ron„ypos..,vefor 
r,e..ess,on.S.a.n,n.ora.aeen.sec.,onsw,.han.hoay.o,nsuHn.eve^^^^^ 
POX-,pos,„ved„c.sa,soeonUinedasuhpopu,a„onofce„s.ha,we.epos,Uvefor,„su„n.As 

,.„:.„„, f„,n nontransgen.c con.ro, nnce d,d no. express PDX-. or ,nsu„n. 

PDX-1 expression has no. previously been obsen-ed,„pancrea„cau« ecus. 
^^^^^^^^^^^^^^^^^ 

dacls exhrh,. nrany of .he .orpholo.eal eharae.ens.,es of dne.a. epHheUal ^^^'^^ 
.harae.ens.,es,nc.udedcen.ra„yloca.ed,i.e,u,ar,y shaped nueler, numerous ,n.er ,B.anng 

p.„cesseson.hela.era,aspee.sof.heeells.unspee,alizedey.oplasn.eon.a.n,n,n..ochndna 
:::::,enren.sofron.hendop,asn,.ere.,enlnnr.sea..ereds.aeKsofCol.,an,e,,ae,^ 

of vesrclar profiles. In add,.,on. .he ap.cal plasnra menrbrane possessed .yp.eal ap.ea, 
:L.r.c.,Ispee.a,.a.,ons,„c.nd,n...erov,lhand,.rc.,ona,eonrplexeseonrple^^ 

'""'°Lbod,es.oPDX-, rnrn^nrnnoelecron— opys.ud.ese,earlyrevea,ed.he 

presenee of PDX-l nuelear s.ain.ng .n a subse. of duc.al cells bordenng .he ,un,en, as well 
:::::.ofpenlnnrenaldnc.a,eel.s.Nod.ffereneeswereobser.ed.n.o.hologybe.ween.hose 

duc.al cells which expressed PDX-1 and .hose which d,d no., 

0.cuss.„ Ins-INP, .ransgen,c ™ce pancreara display passive ,„r,Ura.,on coneonrr.a . 
. w,.h.he';i;;;:;:::::nof,sle.s,d,s™p.,onof.hesu.ound,nge.ocnne.,s^ 

,uc.s,Thisdes.r..e..on,sbalaneedby.herege„era..o„of.sle.s.ha.bud.n..^d^^^^^^^^^^ 

are pro.ce.ed fronr des.™cho„ by infil.rahns ly.phocy.es. n .hrs EXAM LB^ 

, ^,.,.,...,t.r reii resnonsible for the remarkable ductal 
histological analyses cliaracicn/cd d,. pr^^^^ - 

nroliferation and islel regeneration. 
,„ Theduc,a,cp„hehunr.w.,chcons,s.sof,n.crcala.ed(s.ain..n.ralobu,ar„ned,un,land 

:„_„i; ..i a- the Site of exocrine and cndocnne 

interlobular (larue) ducts, has long Deen in.pu....a a. ..i - 

::.lopn.en.n,',hepancreas.S.ud,esofpa„crea.,con.oge„y,carc,no,naof.lrepancrcasand 



models oflimited pancre^.K regeneration poin. .o .he ductal ephhel.um as .he source of grow.h, 
d,fferen..a.,on and prol.feW.on (Gi.hens. .988; Argen, aL 1992; McC.ean & Weaver, .993; 
Pic.e. e, al 1972) The pantrea.ic duels of .he regenerating pancreas eonta.n several types of 
.rans,.ional cells including c-Vocnne cells expressing multiple honnones, endocnne/exocrine 
cells duct/exocnne cells and eXpcnne ceils (Ou & Sarve.n.ck, Dc.elop.,e., 118: 33-46 (1994)). 

' The endoenne cells may migrate away from the duct lumen, and that the cells bordenng 
on the lumen m.ght be the best candidates for ■■pro.od,fferen..a.ed" s.em cells. In promo.,ng 
regenerat,on and new ,s.e, format.on, these progen.tor cells recapUulate the early development of 
the pancreas. Parallels between omogeny and IFNy med.ated regeneration ex.st. In both eases, 
endoenne gene expression ,s an early event, wtth indiv.dual endoenne cells m.tially appeanng m 
the duet wall. These cells subsequently nugrale io .onn cms.ers. svltrch grow „„o tully 
differentiated islets. Thus, endoenne cell precursors could be abundant in .he dues of m.ce 
undergoing ,slet regeneration, as they are in the fe.al pancreata. 

Saaunaa Using light and immunoelec.ron microscopy, PDX-1 express.ng pancreafc 
cells were found in the .ransgen.c pancrea.a that have morphological and histological 
characeristics of ductal epUhehal cells. The PDX-1 expressing ductal cells are found in both 
perilumenai and lumenal locations, and a subset of the PDX-. expressing cells also express 
insuliu Thus, PDX-1 expression ,n the regenerating dues of the INFy transgenic mouse 
reeapitulales .he requirement for PDX-. dunng ontogeny, and defines PDX-1 as an importam 
pancrearie progenitor cell marker in the regenerating pancreas. The denvation of new endoenne 
cells from ducts exhibiting signifiean. expression of PDX-,, coupled wi.h PDX-1 expression in 
the regenerating duet epithelium, shows .ha. new forma.ion dunng INTy media.ed regenera.ion 
in .he INFy transgenic mouse might proceed through mechamsms similar to .hose active dunng 
fetal development. 

A number ofembodiments of the present invention have been described. Nevertheless, 
vanous modifications may be made vvi.hou. depaning from the spin, and scope of the mvemion, 

, ,^_.v, _ u..,i;nicnt^ nrn wilhin the scope of the following claims 



